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SPECIFICATION 



6-FLUOROBICYCLO[3. l.OJHEXANE DERIVATIVES 



5 TECHN IC A L FX E kP 

The present invention relates to pharmaceutically 
useful 2 - amino - 3 - alkoxy- 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid derivatives. More specifically, the 
present invention relates to novel 2-amino-3-alkoxy-6- 

10 f luorobicyclo- [ 3 . 1 . 0 ] hexane -2 , 6-dicarboxylic acid 
derivatives effective for treating and preventing 
psychiatric disorders such as schizophrenia, anxiety and 
its associated diseases, bipolar disorder and epilepsy, as 
well as neurological diseases such as drug dependence, 

15 cognitive disorders, Alzheimer's disease, Huntington's 
chorea, Parkinson's disease, dyskinesia associated with 
muscular stiffness, cerebral ischemia, cerebral failure, 
myelopathy and head trauma. 



20 that compounds acting as antagonists of mGluR2 and mGluR3, 
which belong to subgroup II of metabotropic glutamate 
receptors (mGluR) , have therapeutic and prophylactic 
effects on depressive symptoms. 

25 BACKGROUND ART 

In recent years, successive cloning studies of the 
glutamate receptor gene have been conducted, with the 
finding that glutamate receptors have a surprisingly large 
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number of subtypes . At present , glutamate receptors are 
generally divided into two categories: "ionotropic 
receptors having an ionic channel structure" and 
"metabotropic receptors coupled with G-protein" (Science, 
5 258 , 597-603, 1992). Further, ionotropic receptors are 
divided into the following three pharmacological groups: 
N-methyl-D-aspartic acid ( NMD A ) , a- amino -3 -hydroxy- 5- 
methylisoxazole- 4 -propionate (AMPA) and kainate (Science, 
258 , 597-603, 1992), while metabotropic receptors are 

10 divided into 8 groups (type 1 to type 8) (J. Neurosci., 13 r 
1372-1378, 1993; Neuropharmacol . , 34, 1-26, 1995). 

Also, metabotropic glutamate receptors are divided 
into three pharmacological groups. Among them, group II 
receptors (mGluR2/mGluR3 ) bind to adenylate cyclase and 

15 inhibit forskolin- stimulated accumulation of cyclic 

adenosine monophosphate (cAMP) (Trends Pharmacol. Sci., 14 , 
13 (1993)). Thus, it can be concluded that compounds 
acting as antagonists of group II metabotropic glutamate 
receptors would be effective for treating or preventing 

20 acute and chronic psychiatric and neurological diseases. 

An object of the present invention is to provide a 
drug that is effective for treating and preventing 
psychiatric disorders such as schizophrenia, anxiety and 
its associated diseases, bipolar disorder and epilepsy, as 

2 5 well as neurological diseases such as drug dependence, 
cognitive disorders, Alzheimer's disease, Huntington's 
chorea, Parkinson's disease, dyskinesia associated with 
muscular stiffness, cerebral ischemia, cerebral failure. 
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myelopathy and head trauma, wherein the drug acts as an 
antagonist of group II metabotropic glutamate receptors. 

On the other hand, selective serotonin reuptake 
inhibitors (SSRI ), noradrenaline reuptake inhibitors and 
5 the like are known as antidepressants, but these 
inhibitors are not designed based on etiological 
considerations. Consequently, patients for whom such 
drugs are not effective are likely to continue to suffer 
symptoms of depression and experience a reduced quality of 

10 life. Thus, there exists a need to develop a drug that is 
based on etiological considerations, and that addresses a 
root cause of depressive symptoms. 

Another object of the present invention is to 
provide a new type of antidepressant that is effective for 

15 treating and preventing depressive symptoms for which 
existing drugs are not effective. 

DISCLOSURE OF THE INVENTION 

As a result of extensive and intensive efforts 

20 directed to 2-amino-3-alkoxy-6-f luorobicyclo [ 3 . 1 . 0 ]hexane- 
2,6- dicarboxylic acid derivatives, the inventors of the 
present invention have discovered novel 2-amino-3-alkoxy-6- 
f luorobicyclo [3.1.0] hexane -2,6- dicarboxylic acid 
derivatives that have an antagonistic effect on group II 

2 5 metabotropic glutamate receptors. Also, they have 

conducted animal experiments to test compounds having an 
antagonistic effect on group II metabotropic glutamate 
receptors, finding that such compounds are highly effective 



for treating depressive symptoms. 

Namely, the present invention relates to an 
antidepressant comprising, as an active ingredient, a 
compound having an antagonistic effect on group II 
metabotropic glutamate receptors, as well as a novel 
2 - amino - 3 - alkoxy - 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid derivative having an antagonistic effect 
on group II metabotropic glutamate receptors. 

An embodiment of the present invention is directed to 
an antidepressant comprising, as an active ingredient, a 
compound having an antagonistic effect on group II 
metabotropic glutamate receptors . 

Another embodiment of the present invention is 
directed to a 2 -amino- 3 -alkoxy- 6- 

f luorobicyclo [3.1.0] hexane -2,6- dicarboxylic acid 
derivative of Formula [I]: 




[I] 



[wherein 

R 1 and R 2 , which may be the same or different, each 
represent a hydroxyl group, a alkoxy group, a phenoxy 

group, a naphthyloxy group, a C x _ 6 alkoxy group which is 
substituted with one or two phenyl groups, a C 1 _ 6 alkoxy - 
Ci.g alkoxy group, a hydroxy-C 2 . 6 alkoxy group, an amino 



group, an amino group which is substituted with the same 
or different one or two C x _ 6 alkyl groups, an amino group 
which is substituted with the same or different one or two 
Ci_ 6 alkoxy-Ci.g alkyl groups, an amino group which is 
substituted with the same or different one or two hydroxy - 
C 2 _ 6 alkyl groups, an amino group which is substituted with 
the same or different one or two C^. s alkoxycarbonyl-C^ 6 
alkyl groups, or a native or non-native amino acid residue 
represented by NR 6 -CHR 7 -A-C0 2 R 8 (wherein R 6 and R 7 , which may 
be the same or different, each represent a hydrogen atom, 
a hydroxy-C^ alkyl group, a hydroxycarbonyl-C^ alkyl 
group, a C^o alkyl group, a phenyl group, a phenyl-C^ 
alkyl group, a hydroxyphenyl group, a hydroxyphenyl-C^ 
alkyl group, a naphthyl group, a naphthyl-C^ alkyl group, 
an aromatic heterocyclic alkyl group, a alkoxy-C^ 

alkyl group, an amino-C 2 . 6 alkyl group, a guanidino-C 2 . 6 
alkyl group, a mercapto-C 2 _ 6 alkyl group, a C x _ 6 alkyl thio- 
alkyl group or an aminocarbonyl-C^ alkyl group, or R 6 
and R 7 may together represent a group capable of forming a 
methylene group, an ethylene group or a propylene group, 
or may together form a cyclic amino group; R 8 represents a 
hydrogen atom or a protecting group for a carboxyl group; 
and A represents a single bond, a methylene group, an 
ethylene group or a propylene group); 

R 3 represents a C^^ acyl group, a C x . 6 alkoxy-C^ acyl 
group, a hydroxy-C 2 _ 10 acyl group, a C r . 6 alkoxycarbonyl-C^ 
acyl group, a hydroxycarbonyl-C^ acyl group, or an amino 
acid residue represented by R 9 -NH-A-CHR 7 -CO (wherein R 7 and 
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A are as defined above, and R 9 represents a hydrogen atom 
or a protecting group for an amino group); and 

R 4 and R 5 , which may be the same or different, each 
represent a hydrogen atom, a alkyl group, a C 2 . 10 

5 alkenyl group, a phenyl group, a naphthyl group, a 5- 
membered heteroaromatic ring containing one or more 
heteroatoms, or a phenyl group substituted with 1 to 5 
substituents selected from the group consisting of a 
halogen atom, a C^o alkyl group, a alkoxy group, a 

10 trif luoromethyl group, a phenyl group, a hydroxycarbonyl 
group, an amino group, a nitro group, a cyano group and a 
phenoxy group, or R 4 and R 5 may together form a cyclic 
structure] 

or a pharmaceutically acceptable salt or hydrate thereof . 
15 The terms and phrases used herein are defined as 

follows . 

The term n C 1 _ 1Q alkoxy group" refers to a linear or 
branched alkoxy group containing 1 to 10 carbon atoms. 
Examples include a methoxy group, an ethoxy group, a 

20 propoxy group, an isopropoxy group, a butoxy group, an 

isobutoxy group, a t -butoxy group, a pentyloxy group and 
an isopentyloxy group. 

The phrase "C^ alkoxy group which is substituted 
with one or two phenyl groups" is intended to mean a 

25 linear alkyl group containing 1 to 6 carbon atoms or a 

branched alkyl group containing 3 to 6 carbon atoms , each 
of which alkyl groups is substituted with one or two 
phenyl groups. Examples include a benzyl group, a 
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diphenylmethyl group, a 1-phenylethyl group and a 2- 
phenylethyl group . 

The term "C^ alkoxy- alkoxy group" is intended 
to mean a C 1 _ 6 alkoxy group which is substituted with a C x _ 6 
5 alkoxy group. Examples include a methoxyethoxy group, an 
ethoxyethoxy group, a propoxyethoxy group, an 
isopropoxyethoxy group, a butoxyethoxy group, an 
isobutoxyethoxy group, a t- butoxyethoxy group, a 
pentyloxyethoxy group, an isopentyloxyethoxy group, a 

10 methoxypropoxy group, an ethoxypropoxy group, a 

propoxypropoxy group, an isopropoxypropoxy group, a 
butoxypropoxy group, an isobutoxypropoxy group, a t- 
butoxypropoxy group, a pentyloxypropoxy group and an 
isopentyloxypropoxy group . 

15 The term "hydroxy-C 2 _ 6 alkoxy group" is intended to 

mean a C 2 . 6 alkoxy group which is substituted with at least 
one hydroxyl group. Examples include a 2-hydroxyethoxy 
group, a 3-hydroxypropoxy group and a 2 , 3-dihydroxypropoxy 
group . 

20 The phrase "amino group which is substituted with 

the same or different one or two C x _ 6 alkyl groups" 
includes, for example, an N-methylamino group, an N,N- 
diethylamino group or an N-butyl-N-isopropylamino group. 
The phrase "amino group which is substituted with 

25 the same or different one or two C x _ 6 alkoxy-C^ alkyl 

groups" includes, for example, an N-3-methoxypropylamino 
group, an N,N-bis(2-ethoxybutyl)amino group or an N-(2- 
butoxyethyl) -N- ( 1-ethoxypropyl) amino group. 
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The phrase "amino group which is substituted with 
the same or different one or two hydroxy-C 2 . 6 alkyl groups" 
includes, for example, an N-4-hydroxybutylamino group, an 
N,N-bis(3-hydroxypentyl)amino group or an N-(2- 
5 hydroxyethyl ) -N- ( 1 - hydroxypentyl ) amino group . 

The phrase "amino group which is substituted with 
the same or different one or two alkoxycarbonyl-C^ 
alkyl groups" includes, for example, an N-(3- 
ethoxycarbonylpropyl) amino group, an N,N-bis(2- 
10 methoxycarbonylethyl) amino group or an N-(3- 

propoxycarbonylpropyl ) -N- ( 2 -methoxybutyl ) amino group . 

The term " hydroxy- C x . 6 alkyl group" is intended to 
mean a C x _ 6 alkyl group which is substituted with at least 
one hydroxyl group. Examples include a hydroxymethyl 
15 group, a 1 -hydroxyethyl group, a 2 -hydroxyethyl group, a 

3 -hydroxypentyl group and a 2-hydroxy-2-methylbutyl group. 

The term "hydroxycarbonyl-C^ alkyl group" is 
intended to mean a C x _ 6 alkyl group which is substituted 
with at least one hydroxycarbonyl group. Examples include 
20 a hydroxycarbonylmethyl group, a 4-hydroxycarbonylbutyl 
group, a 2-hydroxycarbonylethyl group and a 3- 
hydroxycarbonylpropyl group . 

The term "C^o alkyl group" refers to a linear alkyl 
group containing 1 to 10 carbon atoms, a branched alkyl 
2 5 group containing 3 to 10 carbon atoms or a cyclic alkyl 
group containing 3 to 10 carbon atoms. Examples of a 
linear alkyl group include a methyl group, an ethyl group, 
a propyl group, a butyl group, a pentyl group, a hexyl 
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group, a heptyl group, an octyl group, a nonyl group and a 
decyl group. Examples of a branched alkyl group include 
an isopropyl group, an isobutyl group, a t- butyl group, an 
isopentyl group, a 1-ethylpropyl group, an isohexyl group, 
5 a 2-ethylbutyl group, an isoheptyl group, an isooctyl 
group, an isononyl group, an isodecyl group, a 
cyclopropylmethyl group , a 2 - ( cyclopropyl ) ethyl group , a 
cyclobutylmethyl group and a cyclopentylmethyl group. 
Examples of a cyclic alkyl group include a cyclopropyl 
10 group, a cyclobutyl group, a cyclopentyl group and a 
cyclohexyl group. 

The term "phenyl-C^ alkyl group" includes, for 
example, a benzyl group, a 2-phenylethyl group, a 2- 
phenylpropyl group or a l-methyl-2-phenylpentyl group. 
15 The term n hydroxyphenyl-C^ 6 alkyl group" includes, 

for example, a 4-hydroxybenzyl group, a 2- ( 4 -hydroxy- 
phenyl) ethyl group, a 3- ( 4 -hydroxyphenyl) propyl group or a 
4- ( 4-hydroxyphenyl)butyl group. 

The term "naphthyl-C^ alkyl group" includes, for 
20 example, a 1-naphthylmethyl group, a 2-naphthylmethyl 
group, a 2-(l-naphthyl)ethyl group or a 2- (2- 
naphthyl) ethyl group. 

The term "aromatic heterocyclic C x _ 6 alkyl group" is 
intended to mean a C x . 6 alkyl group attached to an aromatic 
25 heterocyclic ring such as an indole ring or an imidazole 
ring. Examples include an indole-3-ylmethyl group and a 
1H- imidazole- 4 -ylmethyl group. 

The term "C^ alkoxy-C^ alkyl group" is intended to 
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mean a C x _ 6 alkyl group which is substituted with at least 
one alkoxy group. Examples include a 2-methoxyethyl 

group, a 3-ethoxypentyl group and a 3-propoxybutyl group. 
The term "amino-C 2 _ 6 alkyl group" includes, for 
5 example, a 2-aminoethyl group, a 3-aminopropyl group, a 4- 
aminobutyl group, a 5-aminopentyl group or a 6-aminohexyl 
group . 

The term n guanidino-C 2 _ 6 alkyl group" includes, for 
example, a 2-guanidinoethyl group, a 3-guanidinopropyl 

10 group, a 4-guanidinobutyl group, a 5-guanidinopentyl group 
or a 6-guanidinohexyl group. 

The term tt mercapto-C 2 . 6 alkyl group" includes, for 
example, a mercaptomethyl group, a 2-mercaptoethyl group 
or a 3-mercaptopropyl group. 

15 The term "C 1 _ 6 alkylthio-C 1-6 alkyl group" includes, 

for example, a methylthiomethyl group, a 2-methylthioethyl 
group, a 3-methylthiopropyl group, a 4 -methylthiobutyl 
group, a 5-methylthiopentyl group or a 6-methylthiohexyl 
group . 

20 The term "aminocarbonyl-C^g alkyl group" is intended 

to mean a C 1-6 alkyl group which is substituted with at 
least one aminocarbonyl group. Examples include an 
aminocarbonylmethyl group, a 2-aminocarbonylethyl group, a 
2-aminocarbonylpropyl group and a 4-aminocarbonylbutyl 

25 group. 

The phrase "protecting group for a carboxyl group" 
includes, for example, a alkyl group, a phenyl-C^ 

alkyl group, a nitrobenzyl group or a methoxybenzyl group 
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(see E . Wiinsch, "Synthese von Peptiden" in " Houben-Weyl 
Methoden der Organishen Chemie" Vol. XV/1,2 and E. Gross. 
J. Meienhofer, "The Peptides" Vol. 1 to Vol. 5). 

The term "C^^ acyl group" refers to a linear or 
5 branched acyl group containing 1 to 10 carbon atoms. 
Examples include a formyl group, an acetyl group, a 
1-methylpropanoyl group and a hexanoyl group. 

The term "C^ alkoxy-C^ acyl group" is intended to 
mean a acyl group which is substituted with at least 

10 one C x _ 6 alkoxy group. Examples include a 3-ethoxybutanoyl 
group, a 3-isopropoxypentanoyl group and a 4- 
ethoxyhexanoyl group . 

The term "hydroxy-C 2 _ 10 acyl group" is intended to 
mean a C 2 . 10 acyl group which is substituted with at least 
15 one hydroxyl group. Examples include a 4-hydroxybutanoyl 
group and a 2- (hydroxymethyl)butanoyl group. 

The term "C^ alkoxycarbonyl-C.^ acyl group" 
includes, for example, a 3-methoxycarbonylpropanoyl group 
or a 4-ethoxycarbonylbutanoyl group. 
20 The term "hydroxycarbonyl-C^ acyl group" includes, 

for example, a 3-hydroxycarbonyl-2-methylbutanoyl group or 
a 5 -hydroxycarbonylpropanoyl group . 

The phrase "protecting group for an amino group" 
includes, for example, a C^ 10 acyl group, a C x . 6 alkoxy-C^ 
2 5 acyl group, a benzyloxycarbonyl group, a 

nitrobenzyloxycarbonyl group or a methoxybenzyloxycarbonyl 
group (see E. Wiinsch, "Synthese von Peptiden" in " Houben- 
Weyl Methoden der Organishen Chemie", Vol. XV/1,2 and E. 
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Gross, J. Meienhofer, "The Peptides" Vol. 1 to Vol. 5). 

The term "C 2 . 10 alkenyl group" refers to a linear 
alkenyl group containing 2 to 10 carbon atoms, a branched 
alkenyl group containing 3 to 10 carbon atoms or a cyclic 
5 alkenyl group containing 5 to 10 carbon atoms, each of 
which alkenyl groups has at least one double bond. 
Examples include a 2-propenyl group, a 1 -methyl -2 -but enyl 
group, a 2 -pent enyl group, a 2-methyl-2-hexenyl group and 
a 2-cyclopentenyl group. 

10 The phrase n 5 -membered heteroaromatic ring 

containing one or more heteroatoms" is intended to mean an 
aromatic 5-membered ring containing the same or different 
one or more heteroatoms in the ring. Examples include 
thiophene, pyrrole, furan, pyrazole, isoxazole, 

15 isothiazole, imidazole, oxazole, thiazole, oxadiazole and 
thiadiazole . 

The term "native or non-native amino acid residue" 
includes a residue such as glycine, alanine, valine, 
leucine, isoleucine, proline, phenylalanine, tyrosine, 

20 tryptophan, histidine, serine, threonine, cysteine, 

methionine, aspartic acid, asparagine, glutamic acid, 
glutamine, lysine, ornithine or arginine, with native 
amino acid residues being preferred. 

The definition "phenyl group substituted with 1 to 5 

25 substituents selected from the group consisting of a 

halogen atom, a C^^ alkyl group, a C 1-10 alkoxy group, a 
trif luoromethyl group, a phenyl group, a hydroxycarbonyl 
group, an amino group, a nitro group, a cyano group and a 
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phenoxy group" is intended to mean a phenyl group 
substituted with 1 to 5 substituents selected from the 
group consisting of a fluorine atom, a chlorine atom, a 
bromine atom, an iodine atom, a C ± _ 10 alkyl group, a cyclic 
C 3 . 10 alkyl group, a C M0 alkoxy group, a cyclic C 3 . 10 alkoxy 
group, a trif luoromethyl group, a phenyl group, a 
hydroxycarbonyl group, an amino group, a nitro group, a 
cyano group and a phenoxy group. A phenyl group 
substituted with one substituent includes, for example, a 
2-f luorophenyl group, a 3-f luorophenyl group, a 4- 
fiuorophenyl group, a 2-chlorophenyl group, a 3- 
chlorophenyl group, a 4-chlorophenyl group, a 2- 
bromophenyl group, a 3-bromophenyl group, a 4-bromophenyl 
group, a 2-iodophenyl group, a 3-iodophenyl group, a 4- 
iodophenyl group, a 2-methylphenyl group, a 3-methylphenyl 
group, a 4-methylphenyl group, a 2-ethylphenyl group, a 3- 
ethylphenyl group, a 4-ethylphenyl group, a 2- 
isopropylphenyl group, a 3-isopropylphenyl group, a 4- 
isopropylphenyl group, a 2-cyclopropylphenyl group, a 3- 
cyclopropylphenyl group, a 4-cyclopropylphenyl group, a 2- 
cyclohexylphenyl group, a 3-cyclohexylphenyl group, a 4- 
cyclohexylphenyl group, a 2-methoxyphenyl group, a 3- 
methoxyphenyl group, a 4-methoxyphenyl group, a 2- 
isopropoxyphenyl group, a 3-isopropoxyphenyl group, a 4- 
isopropoxyphenyl group, a 2-cyclobutyloxyphenyl group, a 
3-cyclobutyloxyphenyl group, a 4-cyclobutyloxyphenyl group, 
a 2-cyclohexyloxyphenyl group, a 3-cyclohexyloxyphenyl 
group, a 4-cyclohexyloxyphenyl group, a 2- 
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trif luoromethylphenyl group, a 3-f luoromethylphenyl group, 
a 4 -trif luoromethylphenyl group, a 2-phenylphenyl group, a 
3-phenylphenyl group, a 4-phenylphenyl group, a 2- 
hydroxycarbonylphenyl group, a 3 -hydroxy carbonylphenyl 
5 group., a 4 -hydroxy carbonylphenyl group, a 2- aminopheny 1 
group, a 3- aminopheny 1 group, a 4- aminopheny 1 group, a 2- 
nitrophenyl group, a 3-nitrophenyl group, a 4-nitrophenyl 
group, a 2-cyanophenyl group, a 3-cyanophenyl group, a 4- 
cyanophenyl group, a 2-phenoxyphenyl group, a 3- 

10 phenoxyphenyl group or a 4-phenoxyphenyl group. A phenyl 
group substituted with two substituents includes, for 
example, a 2 , 3-dif luorophenyl group, a 2 , 4-dif luorophenyl 
group, a 2 , 5-dif luorophenyl group, a 2 , 6 -dif luorophenyl 
group, a 3 , 4-dif luorophenyl group, a 3 , 5-dif luorophenyl 

15 group, a 2 , 3-dichlorophenyl group, a 2 , 4-dichlorophenyl 
group , a 2,5- dichloropheny 1 group , a 2,6- dichlorophenyl 
group, a 3 , 4-dichlorophenyl group, a 3 , 5 -dichlorophenyl 
group, a 2 , 3 - dibromophenyl group, a 2 , 4-dibromophenyl 
group, a 2 , 5 - dibromophenyl group, a 2 , 6 - dibromophenyl 

20 group, a 3 , 4-dibromophenyl group, a 3 , 5 - dibromophenyl 

group, a 2 , 3-diiodophenyl group, a 2 , 4-diiodophenyl group, 
a 2 , 5-diiodophenyl group, a 2 , 6-diiodophenyl group, a 3,4- 
diiodophenyl group, a 3 , 5-diiodophenyl group, a 3-chloro- 
4 ~f luorophenyl group, a 4 -chloro- 3-f luorophenyl group, a 

25 3-bromo-4-f luorophenyl group, a 4-bromo- 3-f luorophenyl 
group, a 4-bromo- 3 -chlorophenyl group, a 3-bromo-4- 
chlorophenyl group, a 3-chloro-4-methylphenyl group, a 4- 
chloro-3-methylphenyl group, a 3-f luoro-4-methylphenyl 
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group, a 4-f luoro-3-methylphenyl group, a 3-fluoro-4- 
methoxyphenyl group, a 4-f luoro-3-methoxyphenyl group, a 
3-bromo-4-methoxyphenyl group, a 4-bromo-3-methoxyphenyl 
group, a 3-chloro-4-phenoxyphenyl group, a 4-chloro-3- 
5 phenoxyphenyl group, a 3 - chloro - 4 - nitr ophenyl group, a 4- 
chloro-3-nitrophenyl group, a 4-bromo-3-nitrophenyl group, 
a 3-bromo-4-nitrophenyl group, a 3-amino-4-bromophenyl 
group, a 4-amino-3-bromophenyl group, a 3-bromo-4- 
hydroxycarbonyl group, a 4-bromo-3-hydroxycarbonylphenyl 

10 group, a 4-f luoro- 3- hydroxy car bony 1 group, a 3-fluoro-4- 
hydroxycarbonylphenyl group, a 4-f luoro-3-hydroxycarbonyl 
group, a 3-cyano-4-f luor ophenyl group, a 3-cyano-4- 
fluorophenyl group, a 4-cyano-3-methylphenyl group, a 3- 
cyano-4-methylphenyl group, a 3-cyano-4-methoxyphenyl 

15 group or a 4-cyano-3-methoxyphenyl group. A phenyl group 
substituted with three substituents includes, for example, 
a 2 , 3 , 4-trif luor ophenyl group, a 3 , 4 , 5- trif luorophenyl 
group, a 3 , 4 , 5- trichlorophenyl group, a 3 , 5-dichloro-4- 
methoxyphenyl group or a 3, 5-dibromo-4-methoxyphenyl group. 

20 A phenyl group substituted with four substituents includes, 
for example, a 2 , 5-dibromo-3 , 4-dimethoxyphenyl group or a 
3,4- dibr omo -2,5- dime thoxypheny 1 group . A phenyl group 
substituted with five substituents includes, for example, 
a 2, 3, 4, 5, 6- pent af luorophenyl group. 

25 The definition "R 4 and R 5 may together form a cyclic 

structure" includes, for example, a cyclopropyl group, a 
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, 
a cycloheptyl group, a cyclooctyl group, a cyclopentenyl 



'I 
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group, a cyclohexenyl group, a cycloheptenyl group, a 
cyclooctenyl group, an oxacyclobutyl group, an 
oxacyclopentyl group, an oxacyclohexyl group, an 
oxacycloheptyl group, an oxacyclooctyl group, an 
5 azacyclobutyl group, an azacyclopentyl group, an 
azacyclohexyl group, an azacycloheptyl group or an 
azacyclooctyl group. 

In addition, the term "pharmaceutically acceptable 
salt" as used herein includes, for example, a salt with a 

10 mineral acid such as sulfuric acid, hydrochloric acid or 
phosphoric acid, a salt with an organic acid such as 
acetic acid, oxalic acid, lactic acid, tartaric acid, 
fumaric acid, maleic acid, methanesulf onic acid or 
benzenesulf onic acid, a salt with an amine such as 

15 trimethylamine or methylamine, or a salt with a metal ion 
such as sodium ion, potassium ion or calcium ion. 

A compound of Formula [I] has five asymmetric carbon 
atoms in its bicyclo[3 . 1 . 0]hexane ring. Configurations 
preferred for the present invention are optically active 

20 forms having absolute structures represented by Formulae 
[II] and [III], but they may be present in the form of an 
enantiomer or an enantiomer mixture including a racemate. 
Namely, the compound of the present invention encompasses 
all its optically active forms represented by the 

25 following Formulae [II] and [III] and their enantiomer 
mixtures including racemates and diastereomer mixtures. 
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The compound of the present invention can also be 
present as a hydrate or a solvate with an organic solvent. 
5 Further, when the compounds of Formula [I], [II] or 

[III], wherein one or both of R 1 and R 2 represent other 
than a hydroxyl group or R 3 represents other than a 
hydrogen atom are ester or amide derivatives, these 
derivatives have no effect on group II metabo tropic 

10 glutamate receptors. However, such ester and amide 
derivatives will be hydrolyzed in the body and hence 
converted into 2 -amino- 3-alkoxy-6- 
f luorobicyclo [3.1.0] hexane -2,6- dicarboxylic acid 
derivatives capable of acting on group II metabotropic 

15 glutamate receptors. Thus, these ester and amide 

derivatives are extremely useful because they serve as 
prodrugs . 

The compound of the present invention represented by 
Formula [ I ] can be provided as shown in the production 
20 schemes below. In the schemes, R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 
and R 9 are as defined above; R 10 represents an aryl- or 
alkyl-sulf onyl group such as a mesyl group, a 
phenylsulf onyl group, a tosyl group or a 
trif luoromethylsulf onyl grpup, a benzoyl group or a 4- 
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nitrobenzoyl group; R 11 , R 12 , R 13 and R 14 , which may be the 
same or different, each represent a alkoxy group, a 

phenoxy group, a naphthyloxy group, a C x _ 6 alkoxy group 
which is substituted with one or two phenyl groups, a 
alkoxy-Ci.g alkoxy group or a hydroxy-C 2 . 6 alkoxy group; and 
R 15 represents an amino group, an amino group in which one 
or two hydrogen atoms are substituted with the same or 
different alkyl groups, an amino group in which one or 

two hydrogen atoms are substituted with the same or 
different C^ 6 alkoxy-C^ alkyl groups, an amino group in 
which one or two hydrogen atoms are substituted with the 
same or different hydroxy-C 2 _ 6 alkyl groups, an amino group 
in which one or two hydrogen atoms are substituted with 
the same or different C x _ 6 alkoxycarbonyl-C 1-6 alkyl groups, 
or NR 6 -CHR 7 -A-C0 2 R 8 . 

First, Intermediate (6) which is required to 
synthesize Compound [I] of the present invention can be 
prepared as follows . 




(6) 

Step 1 : In an inert solvent and in the presence of a 

base, for example, Compound (1) may be reacted with a 
trif luoromethanesulf onylating agent such as 
trif luoromethanesulf onic anhydride or N-phenyl- 
bis( trif luoromethanesulf onimide) to give Compound (2). 
Examples of an inert solvent available for use include 
hydrocarbon solvents such as benzene, toluene and hexane, 
halogenated solvents such as dichloromethane, chloroform 
and carbon tetrachloride, ether solvents such as 
tetrahydrof uran , diethyl ether and 1,2- dimethoxyethane , as 
well as acetonitrile, or mixtures thereof. Examples of a 
base available for use include amines such as 
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triethylamine , N-methylmorpholine , diisopropylethylamine 
and pyridine, inorganic bases such as potassium hydride 
and sodium hydride, metal amides such as lithium 
diisopropylamide, potassium bis ( trimethylsilyl) amide and 
5 lithium hexamethyldisilazane , as well as metal alcoholates 
such as sodium methoxide and potassium t-butoxide. 
Step 2: In an inert solvent and in the presence of a 

transition metal catalyst, for example. Compound (2) may 
be reacted with carbon monoxide and R 2 OH in the presence 

10 of an organic base such as triethylamine, N- 

methylmorpholine, diisopropylethylamine or pyridine or an 
inorganic base such as potassium carbonate or sodium 
bicarbonate to give Compound (3) (see Tetrahedron Letters 
2£, 1109(1985)). As used herein, a transition metal 

15 catalyst includes, e.g., a zero-valent palladium reagent, 
which may be prepared in the reaction system using 
divalent palladium such as palladium( II ) acetate and a 
ligand such as triphenyl- phosphine or 2,2'- 
bis ( diphenylphosphino ) - 1 , 1 -binaphthyl ( BINAP ) . 

20 Alternatively, it is also possible to directly use a zero- 
valent palladium reagent such as tetrakis ( triphenyl - 
phosphine )palladium(0) . Examples of an inert solvent 
available for use include hydrocarbon solvents such as 
benzene, toluene and hexane, ether solvents such as 

25 tetrahydrofuran, diethyl ether and 1 , 2-dimethoxye thane, as 
well as acetonitrile, N,N-dimethylf ormamide, or mixtures 
thereof . 

Step 3: In an inert solvent, for example. Compound (3) 
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may be oxidized into diol through common diol formation 
using osmium tetroxide or the like (see M. Hudlicky, 
"Oxidations in Organic Chemistry") or Sharpless asymmetric 
cis-dihydroxylation using AD-mix as a regent (Sharpless 
5 AD) (see Tetrahedron Asymmetry A, 133 (1993), J. Org. Chem. 
57 . 2768(1992), J. Org. Chem. £1, 2582 (1996)), thereby 
giving Compound (4). Examples of an inert solvent 
available for use include alcohol solvents such as t -butyl 
alcohol, hydrocarbon solvents such as benzene, toluene and 

10 hexane, ether solvents such as tetrahydrof uran, diethyl 
ether and 1 , 2-dimethoxye thane, as well as acetonitrile , 
acetone, N,N-dimethylf ormamide, water, or mixtures thereof. 
Step 4: For example, Compound (4) may be reacted with 

thionyl chloride in an inert solvent such as a hydrocarbon 

15 solvent (e.g., benzene, toluene, hexane), a halogenated 
solvent (e.g., dichloromethane , chloroform, carbon 
tetrachloride), an ether solvent (e.g., tetrahydrof uran, 
diethyl ether, 1 , 2-dimethoxyethane) , acetonitrile or any 
mixture thereof and in the presence or absence of an 

20 organic base (e.g., triethylamine, N-methylmorpholine , 
diisopropylethylamine, pyridine) or an inorganic base 
(e.g., potassium carbonate, sodium bicarbonate). This 
reaction is followed by oxidation using a common oxidizing 
agent such as hydrogen peroxide, OXONE® or ruthenium 

25 trichloride/ sodium metaperiodate (see M. Hudlicky, 

"Oxidations in Organic Chemistry") in an inert solvent 
such as a hydrocarbon solvent (e.g., benzene, toluene, 
hexane), a halogenated solvent (e.g., dichloromethane. 



»1 -I 
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chloroform, carbon tetrachloride), an ether solvent (e.g., 
te t rahydrof uran , diethyl ether , 1,2- dime thoxyethane ) , 
acetonitrile, acetone, water or any mixture thereof, 
thereby giving Compound ( 5 ) . 
5 Step 5 i For example. Compound (5) may be reacted with 

sodium azide in an inert solvent such as an ether solvent 
(e.g., tetrahydrof uran) , a ketone (e.g., acetone), N,N- 
dimethylf ormamide, water or any mixture thereof, followed 
by hydrolysis to give Compound (6) (see J. Am. Chem. Soc. 

10 110 . 7538(1988)). 

Intermediate (9) which is required to synthesize the 
compound of the present invention having the relative 
stereochemical configuration represented by Formula [III] 
can be prepared from Compound (7) having the following 

15 relative configuration among those possible for 
Intermediate ( 6 ) . 




Step 6: For example, the hydroxyl group of Compound 

( 7 ) in which R 1 and R 2 represent other than a hydroxyl 
20 group may be reacted with a trif luoromethanesulf onylating 
agent such as trif luoromethanesulf onic anhydride or N- 
phenyl-bis( trif luoromethanesulf onimide) or an alkyl- or 
aryl-sulf onylating agent such as methanesulf onic chloride. 



4.1 
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benzenesulf onic chloride or toluenesulf onic chloride in an 
inert solvent such as a hydrocarbon solvent (e.g., benzene, 
toluene, hexane, cyclohexane ) , a halogenated solvent (e.g., 
dichloromethane , chloroform, carbon tetrachloride), an 
5 ether solvent (e.g., tetrahydrofuran, diethyl ether, 1,2- 
dimethoxyethane) , an amide (e.g., N,N-dimethylformamide, 
N-methyl-2-pyrrolidinone) , dimethyl sulfoxide or any 
mixture thereof and in the presence of an inorganic base 
(e.g., sodium hydride, potassium hydride, potassium 
10 carbonate, sodium carbonate, sodium hydroxide, potassium 
hydroxide), a metal amide (e.g., lithium 

bis ( trimethylsilyl) amide, lithium diisopropylamide, sodium 
amide), an organic base (e.g., triethylamine , pyridine, 
diisopropylethylamine , 4 - ( N , N- dimethylamino ) pyridine , 2,6- 
15 di-t-butylpyridine) or a base (e.g., potassium t-butoxide), 
thereby giving Compound ( 8 ) . 

Step 7: For example. Compound (8) may be reacted with 

an alkali hydroxide such as potassium hydroxide or sodium 
hydroxide, a nitrite salt such as potassium nitrite (see 

20 Tetrahedron Lett., 3183 (1975)) or potassium superoxide 
(see Tetrahedron Lett. 34 , 8029 (1993)) in an inert 
solvent such as a hydrocarbon solvent (e.g., benzene, 
toluene, hexane, cyclohexane), a halogenated solvent (e.g., 
dichloromethane, chloroform, carbon tetrachloride), an 

25 ether solvent (e.g., tetrahydrofuran, diethyl ether, 1,2- 
dimethoxyethane) , an amide (e.g., N,N-dimethylformamide, 
N-methyl-2-pyrrolidinone) , an alcohol solvent (e.g., 
dimethyl sulfoxide, methanol, ethanol) , water or any 
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mixture thereof and in the presence or absence of crown 
ether, thereby giving Intermediate (9). 

Alternatively, Compound (7) may be directly 
converted into Compound (9) through the Mitsunobu reaction 
5 with a benzoic acid derivative in the presence of a 

dehydrocondensing agent such as diethyl azodicarboxylate 
and triphenylphosphine (see D. L. Hughes, OR, 42, 335 
(1992) ) . 

Intermediate (6) prepared above can be converted 
10 into Compound [I] of the present invention through the 
following Steps 8, 9 and 10. 




Step 8: For example, the hydroxyl group of Compound 

15 (6) in which R 1 and R 2 represent other than a hydroxyl 

group may be reacted with a compound of the formula R 4 R 5 CHX 
(wherein X represents a 2 , 2 , 2- trichloroacetimidoyloxy 
group) in an inert solvent such as a hydrocarbon solvent 
(e.g., benzene, toluene, hexane, cyclohexane) , a 
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halogenated solvent (e.g., dichloromethane , chloroform, 
carbon tetrachloride), an ether solvent (e.g., 
t e trahydrof uran , diethyl ether , 1,2- dimethoxyethane ) or 
any mixture thereof and in the presence of a Bronsted acid 
5 catalyst (e.g., t r if luorome thane sulfonic acid, 

trif luoroacetic acid, hydrogen chloride) or a Lewis acid 
catalyst (e.g., boron trif luoride/diethyl ether complex, 
zinc chloride, tin chloride, 

trimethylsilyl/trif luoromethanesulf onate) , thereby giving 

10 Compound (10) (see J. Chem. Soc. Perkin Trans. 1, 
2247(1985), Synthesis, 568 (1987)). 

Alternatively, for example, the hydroxyl group of 
Compound (6) in which R 1 and R 2 represent other than a 
hydroxyl group may also be reacted with a compound of the 

15 formula R 4 R 5 CHX (wherein X represents other than a 2,2,2- 

trichloroacetimidoyloxy group) in an inert solvent such as 
a hydrocarbon solvent (e.g., benzene, toluene, hexane), a 
halogenated solvent (e.g., dichloromethane, chloroform, 
carbon tetrachloride), an ether solvent (e.g., 

2 0 t etrahydrof uran , diethyl ether , 1,2- dimethoxyethane ) , an 
amide (e.g., N,N-dimethylf ormamide, N-methyl-2- 
pyrrolidinone) , dimethyl sulfoxide or any mixture thereof 
and in the presence of an inorganic base (e.g., sodium 
hydride, potassium hydride, potassium carbonate, sodium 

25 carbonate, sodium hydroxide, potassium hydroxide), a metal 
amide (e.g., lithium bis ( trimethylsilyl) amide, lithium 
diisopropylamide, sodium amide), an organic base (e.g., 
triethylamine , diisopropylethylamine , 4- (N,N- 
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dimethylamino) pyridine, 2 , 6-di-t-butylpyridine) or a base 
(e.g., potassium t-butoxide), thereby giving Compound (10). 
In this case, X is a leaving group and intended to mean a 
halogen atom, tosylsulf onate, trif luoromethanesulf onate, 
5 tolylsulf onate, etc. 

Step 9: Compound (10) can be converted into Compound 

(11) of the present invention, for example, through common 
reduction of an azide group typified by the Staudinger 
reaction with triethyl phosphite, trimethylphosphine , 

10 tributylphosphine , triphenylphosphine or the like in an 

inert solvent such as a hydrocarbon solvent (e.g., benzene, 
toluene, hexane), a halogenated solvent (e.g., 
dichloromethane, chloroform, carbon tetrachloride), an 
ether solvent (e.g., tetrahydrofuran, diethyl ether, 1,2- 

15 dimethoxyethane) , acetonitrile , acetone, water or any 

mixture thereof (see Bull. Chem. Soc. Fr., 815 (1985)); 
hydrogenation in the presence of a metal catalyst such as 
palladium/ carbon or palladium black in an inert solvent 
such as an alcohol (e.g., ethanol, methanol), an ester 

20 (e.g., ethyl acetate), N,N-dimethylf ormamide, water or any 
mixture thereof; or hydride reduction with lithium 
aminoborohydride or the like (see A. F. Abdel-Magid, 
"Reductions in Organic Synthesis"). 

Step 10: The moieties COR 1 and COR 2 in Compound (11) may 
25 be converted into carboxylic acids through common 

hydrolysis (see T. W. Greene, P. G. M. Wuts, "Protective 
Groups in Organic Synthesis") to give Compound (I) of the 
present invention . 



5 
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Compounds (13) and (14) of the present invention, 
which take the form of a monoester or monoamide derivative, 
can be prepared from Compound (11) or (12) through the 
following Steps 11 and 12. 



F CQ 2 H 






F 1 
COR 1 



Step 12 / \ C0 2 H 

P O NH 2 

02) (14 ) 

Step 11 : The moiety COR 1 in Compound (11) may be 
converted into a carboxylic acid through common hydrolysis 
for a short period of time or at low temperature (see T. W. 

10 Greene, P. G. M. Wuts, "Protective Groups in Organic 

Synthesis") to give Compound (13) of the present invention, 
Step 12 : The carboxylic acid moiety on the 6 -position 
carbon of Compound (12) may be subjected to common 
esterif ication (see T. W. Greene, P. G. M. Wuts, 

15 "Protective Groups in Organic Synthesis") or common 

peptide bond formation for amino acids in the presence of 
a compound represented by R 15 -H (see E. Gross. J. 
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Meienhofer, "The Peptides" and J. P. Greenstein, M. Witntz, 
"Chemistry of the Amino Acids") to form an ester or amide 
bond, thereby giving Compound (14) of the present 
invention. 

Amide derivatives (17) and (22) can be prepared from 
Compound (15) or (18) through the following Steps 13, 14 , 
15, 16, 17 and 18. 



F CORl1 * COR" 




COR 12 ^ \ /^cOR 12 




Step 13 / HN. R3 Ste P 14 



(16) 





COR 



14 




F 

Jh- COR 15 



COR 14 

d N 3 



O N 3 Step 15 q N 3 Step 16 ^ 

R 5 ^R 4 R^R 4 R 5^ R 4 

(18) (19) (20) 

F COR 15 *LcOR 15 



Step 17 ) Step 18 





10 Step 13 : For example, the amino group of Compound (15) 
may be reacted with a compound of the formula R 3 X or R 3 OR 3 
in an inert solvent such as a hydrocarbon solvent (e.g., 
benzene, toluene, hexane), a halogenated solvent (e.g.. 
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dichloromethane, chloroform, carbon tetrachloride), an 
ether solvent (e.g., tetrahydrof uran , diethyl ether, 1,2- 
dimethoxyethane) , an amide (e.g., N,N-dimethylf ormamide, 
N-methyl-2-pyrrolidinone) , dimethyl sulfoxide or any 
5 mixture thereof and in the presence or absence of an 

organic base such as triethylamine , pyridine, morpholine, 
diisopropylethylamine, 4- (N,N- dime thy lamino) pyridine or 
2,6-di-t-butylpyridine, thereby giving Compound (16). In 
the above formula, X is a leaving group and includes, for 

10 example, a halogen atom, an ethoxycarbonyloxy group or a 
phenoxycarbonyloxy group. Alternatively, Compound (16) 
can also be prepared by common amide bond formation with a 
compound of the formula R 3 0H (see E. Gross, J. Meienhofer, 
n The Peptides" and J. P. Greenstein, M. Witntz, "Chemistry 

15 of the Amino Acids", Vol. 2). 

Step 14: Common deprotection (see T. W. Greene, P. G. M. 
Wuts, "Protective Groups in Organic Synthesis") may be 
performed on Compound (16) to convert its ester moieties 
into carboxylic acids and, when R 3 is COCHR 6 NHR 7 , to remove 

20 the protecting group R 7 to give an amino group, thereby 
giving a 2-amide derivative (17). 

Step 15; The ester bond on the 6 -position carbon of 
Compound (18) may be subjected to common hydrolysis for a 
short period of time or at low temperature (see T. W. 
25 Greene, P. G. M. Wuts, "Protective Groups in Organic 
Synthesis"), thereby giving Compound (19). 
Step 16: The carboxylic acid moiety of Compound (19) 
may be subjected to common peptide bond formation for 
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amino acids in the presence of a compound represented by 
R 15 -H (see E. Gross, J, Meienhofer, "The Peptides" and J. P. 
Greenstein, M. Witntz, "Chemistry of the Amino Acids" ), 
thereby giving Compound (20). 
5 Step 17: Compound (20) can be converted into Compound 
(21), e.g., through common reduction of an azide group 
typified by the Staudinger reaction with triethyl 
phosphite , trimethylphosphine , tributylphosphine , 
triphenylphosphine or the like in an inert solvent such as 

10 a hydrocarbon solvent (e.g., benzene, toluene, hexane), a 
halogenated solvent (e.g., dichlorome thane , chloroform, 
carbon tetrachloride), an ether solvent (e.g., 
tetrahydrofuran, diethyl ether, 1 , 2-dimethoxyethane ) , 
acetonitrile, acetone, water or any mixture thereof (see 

15 Bull. Chem. Soc. Fr. , 815(1985)); hydrogenation in the 

presence of a metal catalyst such as palladium/carbon or 
palladium black in an inert solvent such as an alcohol 
(e.g., ethanol, methanol), an ester (e.g., ethyl acetate), 
N,N-dimethylf ormamide, water or any mixture thereof; or 

20 hydride reduction with lithium aminoborohydride or the 
like (see A. F. Abdel-Magid "Reductions in Organic 
Synthesis" ) . 

Step 18: An ester bond of Compound (21) may be 
subjected to common hydrolysis (see T. W. Greene, P. G. M. 
25 Wuts, "Protective Groups in Organic Synthesis"), thereby 
giving Compound (22) of the present invention. 

As used herein, the phrase "compound having an 
antagonistic effect on group II metabotropic glutamate 
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receptors" is intended to mean a compound that shows a 
dose-dependent inhibitory effect in receptor binding assay 
and has the mGluR2/R3 affinity, equivalent to or higher 
than glutamic acid, as assayed using mGluR2- and mGluR3- 
5 expressing cells according to Mol. Pharmacol., 53, 228-233 
(1998), and that antagonizes the inhibitory effect of 
glutamic acid on f orskolin-stimulated cAMP levels, as 
measured with a cAMP assay kit. Alternatively, it is 
intended to mean a compound that antagonizes glutamic 
10 acid- induced GTPyS binding, as measured by GTPyS binding 
assay. 

The compound of the present invention may be 
formulated into a pharmaceutical preparation in 
combination with one or more pharmaceutically acceptable 

15 carriers, excipients and diluents. Examples of these 

carriers, excipients and diluents include water, lactose, 
dextrose, fructose, sucrose, sorbitol, mannitol, 
polyethylene glycol, propylene glycol, starch, gum, 
gelatin, alginate, calcium silicate, calcium phosphate, 

20 cellulose, water syrup, methylcellulose, 

polyvinylpyrrolidone, alkyl parahydroxybenzoates, talc, 
magnesium stearate, stearic acid, glycerine, as well as 
various oils such as sesame oil, olive oil and soybean oil. 
After being mixed with these carriers, excipients or 

25 diluents and, if necessary, commonly used additives such 
as extenders, binders, disintegrating agents, pH 
regulators and solubilizers , the compound of the present 
invention may be formulated using common techniques into 
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oral or parenteral preparations such as tablets, pills, 
capsules, granules, powders, solutions, emulsions, 
suspensions, ointments, injections or skin patches, and 
particularly formulated as an antagonist of group II 
metabotropic glutamate receptors . 

Although the compound of the present invention may 
be orally or parenterally administered to adult patients 
in an amount of 0.01 to 500 mg as a single dose or in 
divided doses per day, oral administration is preferred in 
terms of easy medication and drug efficacy. It should be 
noted that the amount of the compound to be administered 
may also be increased or decreased as appropriate for the 
type of disease to be treated, the age, body weight and 
condition of a patient, etc. 

BRIEF DESCRIPTION OF DRAWINGS 

Figures 1 and 2 are graphs showing the immobility 
time in the forced swimming test, measured for rats 
administered with the known group II metabotropic 
glutamate receptor antagonist LY341495 (Journal of 
Medicinal Chemistry 1998, 41, 358-378) and Compound 34 of 
the present invention, respectively, to evaluate the 
antidepressant effect of these compounds. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be further described in 
more detail in the following examples and test examples, 
which are not intended to limit the scope of the invention. 
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Reference Example 1 

Synthesis of ( 1R, 2R, 3R, 5R, 6R) -2-azide-3-hydroxy-6-f luoro- 
bicyclo[ 3 . 1 . 0 ]hexane-2 , 6-dicarboxylic acid 2 -benzyl ester 
6-ethyl ester 

5 (1) A solution of diisopropylamine (7.83 g) in 

tetrahydrof uran (84 mL) was cooled to 0°C and a 2.4 7 M 
hexane solution of butyllithium (28.8 mL) was added 
thereto, followed by stirring for 15 minutes. After this 
solution was cooled to -62°C, a solution of ( 1R, 5R, 6R) -6- 

10 fluoro-2-oxobicyclo[3.1.0]hexane-6-carboxylic acid ethyl 
ester (12.0 g) in tetrahydrof uran (40 mL) was added 
dropwise while maintaining a temperature of -62°C to -58°C. 
After 1 hour, a solution of N-phenyl-bis ( trif luoro- 
methanesulf onimide) ( 25 . 3 g) in tetrahydrof uran (84 mL) was 

15 added dropwise over 15 minutes while maintaining a 

temperature of -62°C to -60°C. The reaction solution was 
warmed to room temperature without heating and then 
stirred for an additional 1 hour. After addition of 
saturated aqueous sodium bicarbonate, the reaction mixture 

20 was extracted with diethyl ether. The organic layer was 
washed with water and saturated aqueous sodium chloride, 
and then dried over anhydrous magnesium sulfate. After 
the drying agent was filtered off, the filtrate was 
concentrated under reduced pressure and the resulting 

25 residue was purified by column chromatography (silica gel: 
Wako gel C200 (Wako Pure Chemical Industry Ltd.), 
developing solvent: hexane/ethyl acetate = 20/1). The 
( 1R, 5R, 6R) -6-f luoro-2-trif luoromethane- 
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sulf onyloxybicyclo[ 3 . 1 . 0 ]hex-2-ene-6-carboxylic acid ethyl 
ester thus prepared was immediately dissolved in N,N- 
dimethylf ormamide (195 mL) . To this solution, palladium 
acetate (389 mg), triphenylphosphine (910 mg) , benzyl 
5 alcohol (12,5 g) and triethylamine (11.7. g) were added and 
stirred under a carbon monoxide atmosphere at room 
temperature for 4.5 hours. After addition of IN 
hydrochloric acid, the reaction mixture was extracted 
twice with diethyl ether. The combined organic layers 

10 were washed with saturated aqueous sodium bicarbonate and 
saturated aqueous sodium chloride, and then dried over 
anhydrous magnesium sulfate. After the drying agent was 
filtered off, the filtrate was concentrated under reduced 
pressure and the resulting residue was purified by column 

15 chromatography (silica gel: Wako gel C200 (Wako Pure 

Chemical Industry Ltd.), developing solvent: hexane/ethyl 

acetate = 10/1 to 1/1) to give ( 1R, 5R, 6R) -6- 

f luorobicyclo [3.1.0] hex - 2 - ene -2,6- dicarboxylic acid 

2 -benzyl ester 6-ethyl ester (6.42 g) . 

20 mp 90-91°C 

(2) AD-mix-p (29.3 g, Aldlich) and methanesulf onamide 
(5.96 g) were added to ( 1R, 5R, 6R) -6- 

f luorobicyclo [ 3 . 1 . 0 ]hex-2-ene-2 , 6 -dicarboxylic acid 
2-benzyl ester 6-ethyl ester (6.36 g) suspended in t~ 
25 butanol (150 mL) and water (150 mL) , followed by stirring 
at 4°C for 5 days. After addition of sodium bisulfite, the 
reaction mixture was stirred at room temperature for 15 
minutes , diluted with water and then extracted three times 
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with ethyl acetate. The combined organic layers were 
washed with saturated aqueous sodium chloride and then 
dried over anhydrous magnesium sulfate. After the drying 
agent was filtered off, the filtrate was concentrated 
5 under reduced pressure and the resulting residue was 

purified by column chromatography (silica gel: Wako gel 
C200, developing solvent: hexane/ethyl acetate = 10/1 to 
3/2) to give ( 1R, 2S, 3R, 5R, 6R) -6-f luoro-2 , 3-dihydroxy- 
bicyclo[3.1.0]hexane-2,6-dicarboxylic acid 2 -benzyl ester 
10 6-ethyl ester (4.21 g) . 

X H-NMR (300 MHz, CDC1 3 ) 5 (ppm) ; 1.29(3H, t, J = 7.2 
Hz), 2.06-2.21(2H, m) , 2.30(1H, dd, J = 7.6, 2.6 Hz), 
2.47(1H, dd, J = 7.6, 13.2 Hz), 2.50(1H, dd, J = 1.2, 9.2 
Hz), 4.02(1H, s), 4.24(2H, q, J = 7.2 Hz), 4 . 34 - 4 . 46 ( 1H, 
15 m) , 5.23(1H, d, J = 12.5 Hz), 5.28(1H, d, J = 12.5 Hz), 
7.27-7.42(5H, m) 

MS(ESI) (Pos)m/z; 361(M+Na) + . 
[a] D 29 = -45.8° (C = 0.202%, chloroform) 
(3) A solution of ( 1R, 2S , 3R, 5R, 6R) -6-f luoro-2 , 3- 
20 dihydroxy- 

bicyclo[3.1.0]hexane-2,6-dicarboxylic acid 2-benzyl ester 
6-ethyl ester (3.96 g) in dichloromethane (20 mL) was 
cooled to 4°C and thionyl chloride (1.70 mL) was added 
thereto, followed by stirring at 40°C for 13 hours. After 
25 the solvent and excess reagents were distilled off under 
reduced pressure, the resulting residue was dissolved in 
carbon tetrachloride (12 mL), acetonitrile (12 mL) and 
water (20 mL) . To this solution, sodium metaperiodate 
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(3.76 g) and ruthenium trichloride hydrate (500 mg) were 
added and stirred at room temperature for 20 minutes. 
After addition of water, the reaction mixture was 
extracted three times with diethyl ether. The combined 
5 organic layers were washed with saturated aqueous sodium 
chloride and then dried over anhydrous magnesium sulfate. 
After the drying agent was filtered off, the filtrate was 
concentrated under reduced pressure and the resulting 
residue was purified by column chromatography (silica gel: 
10 Wako gel C200, developing solvent: hexane/ethyl acetate = 
5/1 to 2/1) to give ( 1R, laR, lbS, 4aR, 5aR) - 

1-f luoro-3 , 3-dioxotetrahydro-2 , 4-dioxa-3X 6 - thiacyclopropa- 
[a]pentalene-l , lb-dicarboxylic acid lb-benzyl ester 1- 
ethyl ester (4.11 g) . 

15 1 H-NMR (300 MHz, CDC1 3 ) 5 (ppm) ; 1.29(3H, t, J = 7.2 

Hz), 2.53-2.61(lH, m) , 2.72(1H, ddd, J = 0.9, 7.6, 15.2 
Hz), 2.78-2.89 (1H, m) , 2.83(1H, dd, J = 2.3, 7.2 Hz), 
4.19-4.31(2H, m), 5.26(1H, d, J = 12.1 Hz), 5.33(1H, d, J 
= 12.1 Hz), 5.45(1H, dt, J = 3.8, 7.6 Hz), 7 . 28-7 . 43 ( 5H,m) 

20 MS (ESI) (Pos)m/z; 423(M+Na) + 

[tx] D 30 = +31.3° (C = 0.203%, chloroform) 
(4) Sodium azide (1.09 g) was added to 
(1R, laR, lbS, 4aR, 5aR) -1-f luoro-3 , 3-dioxotetrahydro-2 , 4- 
dioxa- 3X 6 - thiacyclopropa [ a ] pentalene- 1 , lb-dicarboxylic 

25 acid lb-benzyl ester 1-ethyl ester (3.73 g) dissolved in 

N,N-dimethylf ormamide (37 mL) and water (3.7 mL) , followed 
by stirring at 50°C for 14 hours. After the solvent was 
distilled off under reduced pressure, the resulting 
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residue was dissolved in diethyl ether (187 mL) and water 
(5.2 mL). To this solution, 20% sulfuric acid (15 mL) was 
added and stirred at room temperature for 8 hours. After 
addition of water, the reaction mixture was extracted 
5 three times with diethyl ether. The combined organic 

layers were washed with saturated aqueous sodium chloride 
and then dried over anhydrous magnesium sulfate. After 
the drying agent was filtered off, the filtrate was 
concentrated under reduced pressure and the resulting 

10 residue was purified by column chromatography (silica gel: 
Wako gel C200, developing solvent: hexane/ethyl acetate = 
5/1 to 1/1) to give ( 1R, 2R, 3R, 5R, 6R) -2-azide-3-hydroxy-6- 
fluorobicyclo[3.1.0]hexane-2,6-dicarboxylic acid 2 -benzyl 
ester 6-ethyl ester (3.02 g). 

15 X H-NMR (300 MHz , CDC1 3 ) 5 (ppm) ; 1.32(3H, t, J = 7.2 

Hz), 2.18-2.54(5H, m) , 4 . 22-4 . 36 ( 1H, m) , 4.26(2H, q, J = 
7.2 Hz), 5.27(1H, d, J = 12.2 Hz), 5.35(1H, d, J = 12.2 
Hz), 7.31-7.45(5H, m) 

MS(ESI) (Pos)m/z; 386(M+Na) + 

20 [a] D 30 = -50.2° (C = 0.212%, chloroform) 

Examp l e 1 

Synthesis of ( 1R , 2R , 3R , 5R , 6R ) - 2 - amino - 3 -methoxy- 6 - f luoro - 
bicyclo [3.1.0] hexane -2,6- dicarboxylic acid 
25 ( 1 ) ( 1R, 2R, 3R, 5R, 6R) -2-Azide- 3-hydroxy- 6 -f luorobicyclo- 
[3. 1 .0]hexane -2, 6- dicarboxylic acid 2-benzyl ester 6-ethyl 
ester (500 mg) was dissolved in dichloromethane (0.5 mL). 
To this solution, 2 , 6-di- t-butylpyridine (158 mg) and 



- 38 - 

methyl trif luoromethanesulf onate (113 mg) were added and 
stirred at room temperature for 4 days. The reaction 
mixture was poured into IN hydrochloric acid and extracted 
three times with diethyl ether. The combined organic 
5 layers were washed with saturated aqueous sodium chloride 
and then dried over anhydrous magnesium sulfate. After 
the drying agent was filtered off, the filtrate was 
concentrated under reduced pressure and the resulting 
residue was purified by column chromatography (silica gel: 

10 Wako gel C200, developing solvent: hexane/ethyl acetate = 
9/1) to give (1R,2R, 3R, 5R, 6R) -2-azide-3-methoxy-6- 
f luorobicyclo [ 3 . 1 . 0]hexane-2 , 6-dicarboxylic acid 2-benzyl 
ester 6-ethyl ester (42.0 mg) . 

'H-NMR (300 MHz, CDC1 3 ) 6 (ppm); 1.32(3H, t, J = 7.2 

15 Hz), 2.20-2.50(4H, m) , 3.32(3H, s), 3 . 78-3 . 86 ( 1H, m) , 

4.26(2H, q, J = 7.2 Hz), 5.26(1H, d, J = 12.3 Hz), 5.34(1H, 
d, J = 12.3 Hz), 7.30-7.42(5H, m) 
MS(ESI) (Pos)m/z; 400(M+Na) + 
( 2 ) ( 1R, 2R, 3R, 5R, 6R) -2-Azide-3-methoxy-6-f luorobicyclo- 

20 [ 3. 1.0]hexane- 2, 6-dicarboxylic acid 2-benzyl ester 6-ethyl 
ester (280 mg) was dissolved in acetic acid (4 mL) and 
water (1 mL). To this solution, 10% palladium/ carbon (28 
mg) was added and stirred under a hydrogen atmosphere at 
room temperature for 18 hours. After the catalyst was 

25 filtered off, the filtrate was concentrated under reduced 
pressure. The resulting residue was then dissolved in 10% 
hydrochloric acid (8 mL) and heated at reflux for 1.5 
hours. After the solvent was distilled off under reduced 
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pressure, the resulting residue was purified on an ion- 
exchange resin (AG 50W-X8 Resin (H-type), developing 
solvent: water, 50% aqueous tetrahydrof uran , 10% aqueous 
pyridine) to give ( 1R, 2R, 3R, 5R, 6R) -2-amino-3-methoxy-6- 
5 f luorobicyclo [3,1,0] hexane-2 , 6-dicarboxylic acid (137 mg) . 

Example 2 

Synthesis of ( 1R, 2R, 3R, 5R, 6R) -2-amino-3- ( 4- 

f luorobenzyloxy ) -6-f luorobicyclo [ 3 . 1 . 0 ] hexane-2 , 6- 

10 dicarboxylic acid 2-benzyl ester 6-ethyl ester and 
( 1R, 2R, 3R, 5R, 6R) - 2 -amino- 3- ( 4-f luorobenzyloxy ) -6- 
f luorobicyclo [3.1.0] hexane-2 , 6-dicarboxylic acid 
(1) Sodium hydride (79.0 mg, 60% in oil) was washed 
twice with hexane and suspended in diethyl ether (1.9 mL ) , 

15 followed by dropwise addition of 4-f luorobenzyl alcohol 
(2.50 g) dissolved in diethyl ether (2.9 mL). After 
stirring at room temperature for 20 minutes, 
trichloroacetonitrile (2.70 g) was added dropwise while 
cooling on salt/ice. Stirring was continued at this 

20 temperature for 15 minutes, on ice for 15 minutes, on a 
water bath for 20 minutes, and then at room temperature 
for 20 minutes. After the reaction solution was 
concentrated under reduced pressure, pentane (1.9 mL) and 
methanol (75 \iL) were added to the resulting residue and 

25 stirred vigorously at room temperature for 15 minutes. 

After inorganic salts were filtered off, the filtrate was 
concentrated under reduced pressure to give crude 4- 
f luorobenzyl-2 , 2 , 2-trichloroacetimidate ( 5 . 28 g) . 
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The crude 4-f luorobenzyl-2 , 2 , 2- trichloroacetimidate 
(3.40 g) and ( 1R, 2R, 3R, 5R, 6R) -2-azide-3-hydroxy-6-f luoro- 
bicyclo[3. 1 . 0 ]hexane -2 , 6 -dicarboxylic acid 2-benzyl ester 
6-ethyl ester (3.04 g) were dissolved in dichloromethane 
5 (9.2 mL) and cyclohexane (18.4 mL). This solution was 
cooled on an ice bath, followed by addition of 
trif luoromethanesulf onic acid (110 jaL). After stirring at 
room temperature for 16 hours, inorganic salts were 
filtered off and saturated aqueous sodium bicarbonate was 

10 added while cooling on ice. After the reaction mixture 

was extracted twice with chloroform, the combined organic 
layers were washed with saturated aqueous sodium chloride 
and dried over anhydrous sodium sulfate. After the drying 
agent was filtered off, the filtrate was concentrated 

15 under reduced pressure and the resulting residue was 

purified by column chromatography (silica gel: Wako gel 
C200, developing solvent: hexane/ethyl acetate = 10/1 to 
5/1) to give ( 1R, 2R, 3R, 5R, 6R) -2-azide-3- ( 4- 
f luorobenzyloxy) -6-f luorobicyclo [3.1. 0 ]hexane-2 , 6- 

20 dicarboxylic acid 2-benzyl ester 6-ethyl ester (1.94 g) . 

1 H-NMR (200 MHz, CDC1 3 ) 6 (ppm) ; 1.32(3H, t, J = 7.0 
Hz), 2.20-2.42(4H, m) , 3 . 96-4 . 06 ( 1H, m) , 4.27(2H, q, J = 
7.0 Hz), 4.40(1H, d, J = 11.5 Hz), 4.59(1H, d, J = 11.5 
Hz), 5.20(1H, d, J = 12.1 Hz), 5.34(1H, d, J = 12.1 Hz), 

25 6.92-7.37(9H, m) 

MS (ESI) (Pos)m/z; 494(M+Na) + 
( 2 ) ( 1R , 2R , 3R , 5R , 6R ) - 2 - Azide - 3 - ( 4 - f luorobenzyloxy ) - 6 - 
f luorobicyclo [3. 1.0] hexane- 2, 6 -dicarboxylic acid 2-benzyl 
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ester 6 -ethyl ester (521 mg) was dissolved in 
tetrahydrofuran (16 mL) and water (1.6 mL). To this 
solution, a solution of 1M trimethylphosphine in 
tetrahydrofuran (1.20 mL) was added and stirred at room 
5 temperature for 18 hours. The reaction mixture was diluted 
with diethyl ether, washed with saturated aqueous sodium 
bicarbonate and saturated aqueous sodium chloride, and then 
dried over anhydrous sodium sulfate. After the drying 
agent was filtered off, the filtrate was concentrated under 
10 reduced pressure and the resulting residue was purified by 
column chromatography (silica gel: Wako gel C200, 
developing solvent: hexane/ethyl acetate = 2/1) to give 
( 1R , 2R , 3R , 5R , 6R ) - 2 - amino - 3 - ( 4 - f luorobenzyloxy ) - 6 - 
f luorobicyclo[ 3 . 1 . 0 ]hexane-2 , 6-dicarboxylic acid 2 -benzyl 
15 ester 6-ethyl ester (338 mg) . 

(3) Lithium hydroxide hydrate (72.0 mg) was added to 
(1R,2R,3R, 5R,6R)-2- amino - 3 - ( 4 - f luorobenzyloxy ) - 6 - 
f luorobicyclo[ 3 . 1 . 0 Jhexane- 2 , 6-dicarboxylic acid 2 -benzyl 
ester 6-ethyl ester (304 mg) dissolved in tetrahydrofuran 
20 (6 mL) and water (3 mL), followed by stirring at room 

temperature for 31 hours. After the solvent was distilled 
off under reduced pressure, the resulting residue was 
purified on an ion-exchange resin (AG 50W-X8 Resin (H- 
type) , developing solvent: water, 50% aqueous 
25 tetrahydrofuran, 10% aqueous pyridine) to give 

(1R, 2R,3R, 5R,6R)-2-amino-3- (4-f luorobenzyloxy) -6 - 

f luorobicyclot 3. 1.0]hexane- 2, 6-dicarboxylic acid (195 mg) . 
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E x ample 3 

Synthesis of ( 1R, 2R, 3R, 5R, 6R) -2 -amino- 3- ( (R*) -1- 
(naphthalen-2-yl)ethoxy ) -6-f luorobicyclo [ 3 . 1 . 0 ]hexane-2 , 6 - 
dicarboxylic acid 2-benzyl ester 6-ethyl ester, 
5 ( 1R , 2R , 3R , 5R , 6R ) - 2 - amino - 3 - ( ( S* ) - 1 - ( naphthalen - 2 - 

yl)ethoxy) -6-f luorobicyclo [ 3 . 1 . 0]hexane-2, 6 -dicarboxylic 
acid 2-benzyl ester 6-ethyl ester, ( 1R, 2R, 3R, 5R, 6R) -2- 
amino-3- ( (R*) -1- (naphthalen- 2 -yl)ethoxy) - 6- 
f luorobicyclo[ 3 • 1 . 0]hexane-2, 6 -dicarboxylic acid and 
10 (1R,2R,3R, 5R,6R)-2-amino-3- ( (S*) -1- (naphthalen- 2- 

yl) ethoxy ) -6-f luorobicyclo [ 3 . 1 . 0]hexane-2 , 6 -dicarboxylic 
acid 

(1) Sodium hydride (23.0 mg, 60% in oil) was washed 
twice with hexane and suspended in tetrahydrof uran (0.8 

15 mL) , followed by dropwise addition of 1- (naphthalen- 2- 

yl)ethanol (1.00 g) dissolved in tetrahydrof uran (1.2 mL) . 
After stirring at room temperature for 20 minutes, 
trichloroacetonitrile (0.58 mL) was added dropwise while 
cooling on salt/ice. Stirring was continued at this 

20 temperature for 20 minutes, on ice for 20 minutes, on a 
water bath for 30 minutes, and then at room temperature 
for 50 minutes. After the reaction solution was 
concentrated under reduced pressure, pentane (5 mL), 
methanol (19 |ulL) and tetrahydrof uran (0.5 mL) were added 

25 to the resulting residue and stirred vigorously at room 
temperature for 10 minutes. After inorganic salts were 
filtered off, the filtrate was concentrated under reduced 
pressure to give crude 1- (naphthalen- 2 -yl) ethyl- 



2 , 2 , 2~trichloroacetimidate (1.84 g) . 

The crude 1- (naphthalen-2-yl)ethyl-2 , 2 , 2-trichloro- 
acetimidate (590 mg) and ( 1R, 2R, 3R, 5R, 6R) -2-azide-3- 
hydroxy- 6 - f luorobicyclo [3.1.0] hexane -2,6- dicarboxylic acid 
5 2 -benzyl ester 6 -ethyl ester (450 mg) were dissolved in 
dichloromethane (1.5 mL) and cyclohexane (3.0 mL ) , 
followed by addition of trif luoromethanesulf onic acid (17 
|xL). After stirring at room temperature for 1 hour, 
inorganic salts were filtered off and saturated aqueous 

10 sodium bicarbonate was added while cooling on ice. After 
the reaction mixture was extracted twice with chloroform, 
the combined organic layers were washed with saturated 
aqueous sodium chloride and dried over anhydrous sodium 
sulfate. After the drying agent was filtered off, the 

15 filtrate was concentrated under reduced pressure and the 
resulting residue was purified by column chromatography 
(silica gel: Wako gel C200, developing solvent: 
hexane/ethyl acetate = 13/1 to 5/1) and (silica gel: M.S. 
GEL SIL D-75-60A (Dokai Chemical Industries Co. , Ltd.), 

20 developing solvent: hexane/ethyl acetate = 13/1) to give 
(1R, 2R,3R, 5R,6R) -2-azide-3-( (R*) -1- (naphthalen-2-yl) - 
ethoxy) -6-f luorobicyclo [ 3 . 1 . 0 ] hexane -2 , 6 -dicarboxylic acid 
2-benzyl ester 6-ethyl ester (271 mg, Rf value: 0.55, 
developing solvent: hexane/ethyl acetate = 3/1, TLC: 

25 silica gel 60F 254 ) and ( 1R , 2R , 3R, 5R, 6R) -2-azide-3- ( ( S* ) -1- 

( naphthalen - 2 -y 1 ) ethoxy ) - 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid 2-benzyl ester 6-ethyl ester (301 mg, Rf 
value: 0.49, developing solvent: hexane/ethyl acetate = 
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3/1, TLC: silica gel 60F 2S4 ) . 

( 1R, 2R, 3R, 5R, 6R) -2-Azide-3- ( ( R* ) - 1 - (naphthalen- 2- 
yl ) ethoxy ) - 6 - f luorobicyclo [3.1.0] hexane - 2 , 6 -dicarboxylic 
5 acid 2 -benzyl ester 6 -ethyl ester: 

1 H-NMR (200 MHz, CDC1 3 ) 6 (ppm) ; 1.26(3H, t, J - 7.3 
Hz), 1.35(3H, d, J = 6.6 Hz), 1 . 92-2 . 37 ( 4H, m) , 3.85- 
3.95(1H, m) , 4.20(2H, q, J = 7.3 Hz), 4.77(1H, q, J = 6.6 
Hz), 5.27(1H, d, J = 12.2 Hz), 5.47(1H, d, J = 12.2 Hz), 

10 7.31-7.85(12H, m) 

MS(ESI) (Pos)m/s; 540(M+Na) + . 
( 1R, 2R, 3R, 5R, 6R) - 2-Azide-3- ( (S*) -1- ( naphthalen-2- 
yl)ethoxy ) -6-f luorobicyclo [ 3 . 1 . 0] hexane- 2 , 6- dicarboxylic 
acid 2-benzyl ester 6-ethyl ester: 

15 ^-NMR (200 MHz, CDC1 3 ) 6 (ppm); 1.27(3H, t, J = 7.3 

Hz), 1.40(3H, d, J = 6.4 Hz), 2 . 24 -2 . 49 ( 4H , m) , 3.91- 
4.01(1H, m) , 4.22(2H, q, J = 7.3 Hz), 4.61(1H, q, J = 6.4 
Hz), 5.12(1H, d, J = 12.3 Hz), 5.32(1H, d. J = 12.3 Hz), 
7.31-7.83(12H, m) 

20 MS(ESI) (Pos)m/s; 540(M+Na) + 

(2) Starting with ( 1R , 2R , 3R , 5R, 6R) -2-azide- 3- ( ( R* ) - 1 - 
(naphthalen- 2 -yl) ethoxy) -6-f luorobicyclo [ 3 . 1 . 0 ] hexane- 2, 6- 
dicarboxylic acid 2-benzyl ester 6-ethyl ester (266 mg) 
25 and ( 1R , 2R, 3R , 5R, 6R) -2-azide-3- ( ( S* ) -1- (naphthalen- 2- 

yl ) ethoxy) -6-f luorobicyclo [ 3 . 1 . 0 ] hexane- 2 , 6- dicarboxylic 
acid 2-benzyl ester 6-ethyl ester (238 mg) , the same 
procedure as shown in Example 2(2) was repeated to give 



( 1R , 2R , 3R , 5R , 6R ) - 2 - amino - 3 - ( ( R* ) - 1 - ( naphthalen- 2 - 
yl)ethoxy) -6-f luorobicyclo[ 3 . 1 . 0 ] hexane -2 , 6-dicarboxylic 
acid 2-benzyl ester 6 -ethyl ester (164 mg) and 
(lR,2R,3R,5R,6R)-2-amino-3-( (S*) -1- (naphthalen -2 -yl) - 
5 ethoxy ) - 6 - f luorobicyclo [3.1.0] hexane -2,6- dicarboxylic acid 
2-benzyl ester 6-ethyl ester (153 mg) , respectively. 
(3) Starting with ( 1R, 2R, 3R, 5R, 6R) -2-amino-3- ( (R*) -1- 
( naphthalen- 2 -yl) ethoxy ) -6-f luorobicyclo [ 3 . 1 . 0] hexane -2 , 6- 
dicarboxylic acid 2-benzyl ester 6-ethyl ester (158 mg) 

10 and (lR,2R,3R,5R,6R)-2-amino-3-( ( S*) - 1- (naphthalen- 2 - 

yl) ethoxy) -6-f luor obicyclo [ 3 . 1 . 0 ] hexane- 2 , 6-dicarboxylic 
acid 2-benzyl ester 6-ethyl ester (148 mg) , the same 
procedure as shown in Example 2(3) was repeated to give 
( 1R, 2R, 3R, 5R, 6R) -2 -amino- 3 - ( (R*) -1- (naphthalen- 2- 

15 yl) ethoxy) -6-f luorobicyclo [ 3 . 1 . 0 ] hexane- 2 , 6-dicarboxylic 
acid (96.0 mg) and ( 1R , 2R, 3R , 5R, 6R) -2-amino-3- ( ( S* ) -1 - 
( naphthalen - 2 - yl ) ethoxy ) - 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid (72.0 mg) . 

20 Example 4 

Synthesis of ( 1R, 2R, 3R, 5R, 6R) -2-amino-3-propyloxy-6- 

f luorobicyclo [3.1. 0 ] hexane -2 , 6-dicarboxylic acid 

( 1 ) ( 1R , 2R , 3R , 5R , 6R ) - 2 -Amino- 3 - ( 2 -propenyloxy ) - 6 - f luoro - 

bicyclo [ 3 . 1 . 0 ] hexane -2 , 6-dicarboxylic acid (40 mg) was 

25 dissolved in water (1 mL). To this solution, 10% 

palladium/ carbon (4 mg) was added and stirred under a 
hydrogen atmosphere at room temperature for 2 days. After 
the catalyst was filtered off, the filtrate was 
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concentrated under reduced pressure, followed by addition 
of tetrahydrofuran (1 mL) and heating at reflux for 1 hour. 
The reaction mixture was stirred at room temperature for 
an additional 3 hours, filtered to remove any solids, and 
5 then purified on an ion-exchange resin (AG 50W-X8 Resin 
(H-type) , developing solvent: water, 50% aqueous 
tetrahydrofuran, 10% aqueous pyridine) to give 
( 1R, 2R, 3R, 5R, 6R) -2-amino-3-propyloxy-6- 

f luorobicyclo [ 3. 1.0]hexane- 2, 6-dicarboxylic acid (30 mg) . 

10 

Example 5 

Synthesis of ( 1R, 2R, 3R, 5R, 6R) -2-amino-3-cyclopentyloxy-6- 
f luorobicyclo [ 3 . 1 . 0]hexane-2 , 6-dicarboxylic acid 

(1) Starting with crude 2-cyclopentenyl-2 , 2 , 2-trichloro- 
15 acetimidate (375 mg) prepared from 2-cyclopenten- l-ol and 

( 1R, 2R, 3R, 5R, 6R) - 2 -azide- 3 -hydroxy- 6 -f luorobicyclo [ 3 .1.0]- 
hexane- 2 , 6-dicarboxylic acid 2-benzyl ester 6-ethyl ester 
(650 mg) , the same procedure as shown in Example 2(1) was 
repeated to give ( 1R, 2R, 3R, 5R, 6R) -2-azide-3- ( 2- 

2 0 cyclopentenyloxy ) - 6 - 

f luorobicyclo [ 3. 1.0]hexane- 2, 6-dicarboxylic acid 2-benzyl 
ester 6-ethyl ester (339 mg) . 

X H-NMR (200 MHz, CDC1 3 ) 5 (ppm) ; 1.32 (3 H, t, J - 
7.3 Hz), 1.90-2.52 (8 H, m) , 3.94-4.14 (1 H, m) , 4.27 (2 H, 

25 q, J - 7.3 Hz), 4.52-4.79 (1 H, m) , 5.15-5.41 (2 H, m) , 

5.58-5.82 (1 H, m) , 5.88-6.04 (1 H, m) , 7.30-7.46 (5 H, m) . 
MS (ESI) (Pos)m/z; 452 (M+Na) + 

(2) ( 1R, 2R, 3R, 5R, 6R) - 2 -Azide-3- ( 2 -cyclopentenyloxy ) -6- 
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f luorobicyclo [3. 1.0] hexane -2, 6 -dicarboxylic acid 2-benzyl 
ester 6-ethyl ester (331 mg) was dissolved in acetic acid 
(18 mL) and water (6 mL) . To this solution, 10% 
palladium/ carbon (39 mg) was added and stirred under a 
5 hydrogen atmosphere at room temperature for 24 hours. 
After the catalyst was filtered off, the filtrate was 
concentrated under reduced pressure. The resulting 
residue was dissolved in tetrahydrof uran (7.36 mL) and 
water (3.53 mL) , followed by addition of lithium hydroxide 

10 hydrate (80 mg) and stirring at room temperature for 4 

hours. After the solvent was distilled off under reduced 
pressure, the resulting residue was purified on an ion- 
exchange resin (AG 50W-X8 Resin (H-type) , developing 
solvent: water, 50% aqueous tetrahydrof uran, 10% aqueous 

15 pyridine) to give ( 1R, 2R, 3R, 5R, 6R) -2-amino-3- 

cyclopentyloxy- 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid (61 mg) . 

Example 6 

20 Synthesis of ( 1R, 2R, 3R, 5R, 6R) -2-amino-3- ( 3- 

nitrobenzyloxy) -6-f luorobicyclo [3.1. 0 ] hexane -2 , 6- 
dicarboxylic acid diethyl ester, ( 1R, 2R, 3R, 5R, 6R) -2-amino- 
3 - ( 3 - aminobenzyloxy ) - 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid diethyl ester and ( 1R, 2R, 3R, 5R, 6R) -2- 

2 5 amino - 3 - ( 3 - aminobenzyloxy ) - 6 - f luorobicyclo [3.1.0] hexane - 
2,6-dicarboxylic acid 

(1) Starting with crude 3-nitrobenzyl-2 , 2 , 2-trichloro- 
acetimidate (562 mg) prepared from 3-nitrobenzyl alcohol 
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and (1R, 2R, 3R # 5R, 6R) -2-azide-3-hydroxy-6- 
f luorobicyclo [ 3 . 1 . 0 ]hexane-2 f 6-dicarboxylic acid diethyl 
ester (380 mg) , the same procedure as shown in Example 
2(1) was repeated to give (1R,2R,3R, 5R, 6R) -2-azide-3-( 3- 
5 nitrobenzyloxy ) - 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid diethyl ester (279 mg) . 

'H-NMR (200 MHz, CDC1 3 ) 6 (ppm) ; 1.32 (3 H, t, J = 
7.2 Hz), 1.34 (3 H, t, J = 7.2 Hz), 2.22-2.42 (2 H, m) , 
2.50 (2 H, dd, J = 2.7, 7.8 Hz), 3.94-4.10 (1 H, m) , 4.20- 
10 4.46 (4 H, m) , 4.58 (1 H, d, J = 12.1 Hz), 4.80 (1 H, d, J 
= 12.1 Hz) 7.44-7.66 (2 H, m) , 8.03-8.24 (2 H, m) . 

MS(ESI) (Pos)m/z; 459 (M+Na) + 

(2) Starting with ( 1R, 2R, 3R, 5R, 6R) -2-azide-3- ( 3-nitro- 
benzyloxy ) - 6 - f luorobicyclo [3.1.0] hexane - 2 , 6 -dicarboxylic 

15 acid diethyl ester (275 mg) , the same procedure as shown in 
Example 2(2) was repeated to give ( 1R, 2R, 3R, 5R, 6R) -2-amino- 
3 - ( 3 - nitrobenzyloxy ) - 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid diethyl ester (120 mg) . 

( 3 ) ( 1R , 2R , 3R , 5R , 6R ) - 2 -Amino - 3 - ( 3 -nitrobenzyloxy ) - 6 - 
20 f luorobicyclo [3. 1.0] hexane -2, 6 -dicarboxylic acid diethyl 

ester (120 mg) was dissolved in acetic acid (0.21 mL). To 
this solution, zinc powder (101 mg) was added and stirred 
at room temperature for 3 hours. The reaction mixture was 
filtered to remove any solids, followed by addition of 
25 ice-cold saturated sodium bicarbonate. After the reaction 
mixture was extracted twice with ethyl acetate, the 
combined organic layers were washed with 0 . 5 M aqueous 
sodium carbonate and saturated aqueous sodium chloride. 
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and then dried over anhydrous sodium sulfate. After the 
drying agent was filtered off, the filtrate was 
concentrated under reduced pressure and the resulting 
residue was purified by column chromatography (silica gel: 
5 Wako gel C200, developing solvent: chloroform/ ethanol = 
30/1) to give ( 1R, 2R, 3R, 5R, 6R) -2-amino-3- ( 3- 
aminobenzyloxy ) -6-f luorobicyclo[ 3.1. 0 ]hexane-2 , 6- 
dicarboxylic acid diethyl ester (96 mg). 

(4) Starting with ( 1R, 2R, 3R, 5R , 6R) -2-amino- 3 - ( 3-amino- 
10 benzyloxy ) - 6 - f luorobicyclo [3.1.0] hexane- 2 , 6 -dicarboxylic 

acid diethyl ester (90 mg), the same procedure as shown in 
Example 2(3) was repeated to give ( 1R , 2R, 3R, 5R , 6R) - 2-amino - 
3 - ( 3 - aminobenzy loxy ) - 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid (60 mg). 

15 

Example 7 

Synthesis of ( 1R, 2R, 3S, 5R, 6R) -2-azide-3-hydroxy-6-f luoro- 
bicyclo [ 3 . 1 . 0 ] hexane- 2 , 6- dicarboxylic acid 2, 6 -diethyl 
ester 

20 ( 1 ) ( 1R , 2R , 3R , 5R , 6R ) - 2 - Azide - 3 -hydroxy- 6 - f luorobicyclo - 
[3. 1.0] hexane -2, 6 -dicarboxylic acid 2, 6 -diethyl ester (120 
mg) was dissolved in dichloromethane (20 mL). To this 
solution, trif luoromethanesulf onic anhydride (78 \iL) in 
dichloromethane (0.4 mL) was added dropwise at -75°C under 

2 5 a nitrogen atmosphere and stirred on ice for 1.5 hours. 
Pyridine (48 \iL) and trif luoromethanesulf onic anhydride 
(39 \xL) in dichloromethane (0.2 mL) were added dropwise at 
-75°C, followed by stirring on ice for 25 minutes. After 
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addition of ether (10 mL), the reaction mixture was 
filtered to remove any solids. The filtrate was 
concentrated under reduced pressure and the resulting 
residue was purified by column chromatography (silica gel: 
5 Wako gel C200, developing solvent: hexane/ethyl acetate = 
5/1) to give ( 1R, 2R, 3R, 5R, 6R) -2-azide-3- 

trif luoromethanesulf onyloxy-6-f luorobicyclo [ 3 . 1 . OJhexane- 
2 , 6-dicarboxylic acid 2,6-diethyl ester (166 mg) . 

'H-NMR (200 MHz, CDC1 3 ) 8 (ppm); 1.35 (3 H, t, J - 

10 7.0 Hz), 1.38 (3 H, t, J = 7.0 Hz), 2.35-2.50 (2 H, m) , 
2.62-2.86 (2 H, m) , 4.31 (2 H, q, J = 7.0 Hz), 4.27-4.55 
(2 H, m), 4.94-5.10 (1 H, m) 

MS ( FAB ) (Pos)m/z; 434 (M+H) + 

[a] D 26 - -31.2° (C = 0.43%, chloroform) 

15 (2) ( 1R, 2R, 3R, 5R, 6R) -2-Azide-3-trif luoromethanesulf onyl- 
oxy- 6 -f luorobicyclo [3.1. 0 ]hexane- 2 , 6-dicarboxylic acid 
2,6-diethyl ester (701 mg) was dissolved in N,N- 
dimethylf ormamide (6.9 mL). To this solution, potassium 
nitrite (688 mg) and 18 -crown- 6 (428 mg) were added and 

20 stirred under a nitrogen atmosphere at room temperature 

for 1.5 days and then at 45°C for 3.5 days. After addition 
of water, the reaction mixture was extracted twice with 
ethyl acetate. The combined organic layers were washed 
with saturated aqueous sodium chloride and then dried over 

25 anhydrous sodium sulfate. After the drying agent was 

filtered off, the filtrate was concentrated under reduced 
pressure and the resulting residue was purified by column 
chromatography (silica gel: Wako gel C200, developing 
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solvent: hexane/ethyl acetate = 5/1) to give 
(1R,2R,3S,5R,6R) -2-azide-3-hydroxy-6- 

f luorobicyclo! 3. 1 . 0 ]hexane-2 , 6-dicarboxylic acid 2,6- 
diethyl ester (388 mg) . 

1 H=NMR (200 MHz, CDC1 3 ) 6 (ppm) ; 1.34 (3 H f t, J ■ 
7.0 Hz), 1.36 (3 H, t, J = 7.0 Hz), 2.16 (1 H, dd, J = 2.9 
Hz, 14.9 Hz), 2.17-2.30 (1 H, m) , 2.44 (1 H, dd, J = 3.1 
Hz, 8.1 Hz), 2.61 Hz (1 H, dd, J - 12.3 Hz, 16.0 Hz), 
2.80-2.99 (1 H, m), 4.29 (2 H, q, J = 7.0 Hz), 4.34 (2 H, 
q, J = 7.0 Hz), 4.48-4.64 (1 H # m) 
MS (ESI) (Pos)m/z; 324 (M+Na) + 
[a] D 25 = +6.4° (C = 0.96%, chloroform) 

Example 8 

15 Synthesis of ( lR f 2R # 3R, 5R, 6R) -2-amino-3- ( 3 , 4-dichloro- 

benzyloxy ) -6-f luorobicyclo [ 3 . 1 . 0 ]hexane-2 , 6-dicarboxylic 
acid 2,6-diethyl ester and ( 1R, 2R, 3R, 5R, 6R) -2-amino-3- 
(3,4- dichlorobenzyloxy ) - 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid 2 -ethyl ester 

20 (1) Starting with crude 3 , 4-dichlorobenzyl-2 , 2 , 2- 
trichloroacetimidate (3.17 g) prepared from 3,4- 
dichlorobenzyl alcohol and ( 1R, 2R, 3R, 5R, 6R) -2-azide-3- 
hydroxy- 6 - f luorobicyclo [3.1.0] hexane -2,6- dicarboxylic acid 
diethyl ester (1.98 g) , the same procedure as shown in 

25 Example 2(1) was repeated to give ( 1R, 2R, 3R, 5R, 6R) -2- 
azide-3- ( 3 , 4 -dichlorobenzyloxy ) -6- 

f luorobicyclo [3. 1.0] hexane -2, 6 -dicarboxylic acid diethyl 
ester (1.16 g). 
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X H-NMR (200 MHz, CDC1 3 ) 5 (ppm) ; 1.31 (3 H, t, J = 
7.3 Hz), 1.33 (3H, t, J = 7.3 Hz), 2.22-2.52 (4 H, m) , 
3.91-4.05 (1 H, m), 4.29 (2 H, q, J = 7.3 Hz), 4.18-4.44 
(2 H, m) , 4.42 (1 H, d, J = 11.9 Hz), 4.64 (1 H , d, J = 
5 11,9 Hz), 7.06-7,14 (1 H, m) , 7.34-7.50 (2 H, m) . 
MS(ESI) (Pos)m/z; 482 (M+Na) + 
[a] D 28 = -12.6° (C = 1.14%, chloroform) 
(2) Starting with ( 1R , 2R, 3R, 5R, 6R) -2-azide-3- ( 3 , 4- 
dichlorobenzyloxy ) -6-f luorobicyclo [ 3 . 1 . 0 ]hexane-2 , 6- 
10 dicarboxylic acid diethyl ester (1.11 g), the same 

procedure as shown in Example 2(2) was repeated to give 
( 1R, 2R, 3R, 5R, 6R) -2 -amino- 3- ( 3 , 4 -dichlorobenzyloxy ) -6- 
f luorobicyclo [ 3 . 1 . 0]hexane-2 , 6 -dicarboxylic acid diethyl 
ester (878 mg) . 

15 (3) ( 1R,2R, 3R, 5R, 6R) -2 -Amino- 3- ( 3 , 4 -dichlorobenzyloxy ) - 
6-f luorobicyclo [3.1. 0 ]hexane-2 , 6-carboxylic acid 2-ethyl 
ester (150 mg) was dissolved in tetrahydrof uran (3.5 mL) 
and water (1.7 mL) . To this solution, lithium hydroxide 
hydrate (17.8 mg) was added and stirred on ice for 2 hours. 

20 After addition of IN hydrochloric acid (0.45 mL), the 

reaction mixture was diluted with water to a total volume 
of 50 mL and purified on an ion-exchange resin (AG 50W-X8 
Resin (H-type) , developing solvent: water, 50% aqueous 
tetrahydrof uran, 10% aqueous pyridine) to give 

25 ( 1R, 2R, 3R, 5R, 6R) -2-amino-3- ( 3 , 4 -dichlorobenzyloxy ) -6 - 
f luorobicyclo [3. 1.0 Jhexane- 2, 6-carboxylic acid 2-ethyl 
ester ( 107 mg) . 
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E xa mple 9 

Synthesis of ( 1R, 2R, 3R, 5R, 6R) -2-amino-3- ( 3 , 4-dichloro- 
benzyloxy) -6-f luorobicyclo [ 3 . 1. 0]hexane-2 , 6-carboxylic 
acid 6 -ethyl ester hydrochloride 
5 (1) Starting with ( 1R, 2R, 3R, 5R f 6R) -2-amino-3- ( 3 , 4- 
dichlorobenzyloxy) luorobicyclo [3.1. 0 ]hexane-2 , 6- 
dicarboxylic acid diethyl ester (304 mg) , the same 
procedure as shown in Example 2(3) was repeated to give 
( 1R, 2R, 3R, 5R, 6R) -2-amino-3- ( 3 , 4-dichlorobenzyloxy) -6- 

10 f luor obicyclo [ 3. 1.0]hexane- 2, 6 -dicarboxylic acid (195 mg). 
( 2 ) ( 1R , 2R , 3R , 5R , 6R ) - 2 -Amino - 3 - ( 3 , 4 - dichlorobenzyloxy ) - 
6-f luorobicyclo [ 3 . 1 . 0]hexane-2 # 6 -dicarboxylic acid (114 
mg) was dissolved in ethanol (1.1 mL) . To this solution, 
thionyl chloride (88 (lxL ) was added at room temperature 

15 under a nitrogen atmosphere and then stirred at 50°C for 

1 hour. After the reaction mixture was filtered to remove 
any solids, the filtrate was concentrated under reduced 
pressure. Isopropyl ether (1.38 mL) was added to the 
resulting residue, which was then stirred at room 

20 temperature for 17 hours and filtered to collect solids. 
The solids were washed with isopropyl ether to give 
( 1R, 2R, 3R, 5R, 6R) -2 -amino- 3- ( 3 , 4 -dichlorobenzyloxy ) -6 - 
f luorobicyclo [3.1.0] hexane- 2 , 6 -dicarboxylic acid 6 -ethyl 
ester hydrochloride (114 mg) . 

25 

Example 10 

Synthesis of ( 1R, 2R, 3R, 5R, 6R) -2- [ ( 2 ' S) - ( 2 ' - 
aminopropionyl) amino] -3- (3 , 4-dichlorobenzyloxy) -6- 
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f luorobicyclo [ 3.1. 0 ]hexane-2 , 6-dicarboxylic acid 
hydrochloride 

(1) N-t -But oxycarbonyl-L- alanine (316 mg) was 
dissolved in dichloromethane (6.9 mL) . To this solution, 
5 N-methylmorpholine (184 uL) and isobutyl chlorof ormate 
(218 liL) were added at -14°C under a nitrogen atmosphere 
and stirred for 1 minute. (1R,2R,3R, 5R, 6R) -2-Amino-3- 
(3,4 -dichlorobenzyloxy) -6-f luorobicyclo [ 3 . 1 . 0 ]hexane-2 , 6- 
dicarboxylic acid diethyl ester (691 mg) was dissolved in 

10 dichloromethane (6.9 mL) and added dropwise to the 

reaction mixture, followed by stirring at room temperature 
for 30 minutes. The reaction solution was washed twice 
with IN hydrochloric acid and dried over anhydrous sodium 
sulfate. After the drying agent was filtered off, the 

15 filtrate was concentrated under reduced pressure and the 
resulting residue was purified by column chromatography 
(silica gel: Wako gel C200, developing solvent: 
hexane/ethyl acetate = 2/1) to give ( 1R, 2R, 3R, 5R, 6R)-2- 
[(2'S)-(2' -t-butoxycarbonylaminopropionyl) amino ] -3- 

20 ( 3 , 4 -dichlorobenzyloxy) -6-f luorobicyclo [ 3 . 1 . 0 ]hexane-2 , 6- 
dicarboxylic acid diethyl ester (902 mg) . 

X H-NMR (200 MHz, CDC1 3 ) 5 (ppm); 1.25 (3 H, t, J = 
7.1 Hz), 1.28 (3 H, t, J = 7.1 Hz), 1.34 (3 H, d, J = 7.0 
Hz), 1.39 (9 H, s), 2.18-2.31 (1 H, m) , 2.32-2.54 (2 H, m) , 

25 3.08 (1 H, dd, J = 2.9 Hz, 7.9 Hz), 3.86-4.04 (1 H, m) , 

4.06-4.16 (5 H, m), 4.42 (1 H, d, J = 11.6 Hz), 4.65 (1 H, 
d, J = 11.6 Hz), 4.76-4.96 (1 H, m) , 7.06-7.24 (1 H, m) , 
7.12 (1 H, dd, J = 2.0 Hz, 8.1 Hz), 7.39 (1 H, d, J = 2.0 
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Hz) , 7.40 (1 H, d, J = 8.1 Hz) 

MS(ESI) (Nega)m/z; 630 (M-H)" 
[a] D 24 = -33. 6° (C = 0.42%, chloroform) 
(2) ( 1R , 2R , 3R , 5R , 6R ) - 2 - [ ( 2 ' S ) - ( 2 ' - t -But oxycarbonylaraino- 
5 propionyl ) amino ] - 3 - ( 3 , 4 - dichlorobenzyloxy ) -6- 

fluorobicyclo[3.1.0]hexane-2,6-dicarboxylic acid diethyl 
ester (45.5 mg) was dissolved in tetrahydrof uran (6 mL). 
To this solution, 2.5 M aqueous lithium hydroxide (6 mL) 
was added and stirred at room temperature for 2 days. The 

10 reaction solution was extracted three times with ethyl 
acetate and the combined organic layers were dried over 
anhydrous sodium sulfate. After the drying agent was 
filtered off, the filtrate was concentrated under reduced 
pressure to give crude ( 1R, 2R, 3R, 5R, 6R) -2- [ ( 2 ' S) - ( 2 ' - t- 

1 5 but oxycarbonylaminopropionyl ) amino ] - 3 - ( 3 , 4 - 

chlorobenzyloxy ) - 6 - f luorobicyclo [3.1.0] hexane -2,6- 
dicarboxylic acid 6 -lithium- 2 -ethyl ester (470 mg) . 

The crude ( 1R , 2R , 3R, 5R, 6R) -2- [ ( 2 ' S ) - ( 2 ' - t-butyloxy- 
aminopropionyl) amino] -3- (3, 4 -chlorobenzyloxy) -6-f luoro- 

20 bicyclo[3. 1 .0]hexane-2 , 6-dicarboxylic acid 6 -lithium 2- 

ethyl ester (375 mg) was dissolved in water (7.5 mL) . To 
this solution, lithium hydroxide hydrate (135 mg) was 
added at room temperature and then stirred at 45°C for 8 
days. The reaction solution was washed ten times with 

25 ethyl acetate, adjusted to pH 2 with IN hydrochloric acid 
while cooling on ice, and then extracted three times with 
ethyl acetate. The combined organic layers were washed 
with saturated aqueous sodium chloride and dried over 



- 56 - 

anhydrous sodium sulfate. After the drying agent was 
filtered off, the filtrate was concentrated under reduced 
pressure . 

While cooling on ice, a solution of 4M hydrogen 
chloride in ethyl acetate (4.6 mL) was added to the 
resulting residue, followed by stirring at room 
temperature for 15 hours. The precipitated solids were 
collected by filtration and washed with ethyl acetate to 
give ( 1R , 2R , 3R , 5R , 6R ) - 2 - [ ( 2 ' S ) - ( 2 ' - aminopropionyl ) amino ] - 
3 - ( 3 , 4 - dichlorobenzyloxy ) - 6 - f luorobicyclo [3.1.0] hexane - 
2,6-dicarboxylic acid hydrochloride (138 mg) . 

Example 11 

Synthesis of ( 1R, 2R, 3R, 5R, 6R) -2 -amino- 3- ( 3 , 4-dichloro- 
15 benzyloxy) -6-[(l'S)-(l' -hydroxycarbonyl-3 ' -methylbutyl- 

carbamoyl ) ] - 6 - f luorobicyclo [3.1.0] hexane - 2 - carboxylic acid 
( 1 ) ( 1R , 2R , 3R , 5R , 6R ) - 2 - Az ide - 3 - ( 3 , 4 - dichlorobenzyloxy ) - 
6 -f luorobicyclo [3. 1.0] hexane -2,6-dicarboxylic acid diethyl 
ester (854 mg) and leucine ethyl ester hydrochloride (464 
20 mg) were dissolved in N,N-dimethylf ormamide (8.5 mL). To 
this solution, N-methylmorpholine (261 \iL) was added at 
room temperature, followed by addition of 1- 
hydroxybenzotriazole (378 mg) and 1 -ethyl- 3- ( 3- 
dimethylaminopropyl ) carbodiimide (464 mg) while cooling on 
25 ice. Stirring was continued at room temperature for 12 
hours. After addition of ethyl acetate, the reaction 
mixture was washed with IN hydrochloric acid and saturated 
aqueous sodium chloride, and then dried over anhydrous 
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sodium sulfate. After the drying agent was filtered off, 
the filtrate was concentrated under reduced pressure. The 
resulting residue was purified by column chromatography 
(silica gel: Wako gel C200, developing solvent: 
5 hexane/ethyl acetate = 8/1) to give ( 1R, 2R f 3R, 5R, 6R) -2- 
az ide - 3 - ( 3 , 4 - dichlorobenzyloxy ) - 6 - 

[ ( 1 9 S) - ( 1 ' -ethoxycarbonyl-3 ' -methylbutylcarbamoyl) ] -6- 
fluorobicyclo[3.1.0]hexane-2-carboxylic acid ethyl ester 
(998 mg) . 

10 1 H-NMR (200 MHz, CDC1 3 ) 6 (ppm) ; 0.96 (6 H, d, J = 

5.5 Hz), 1.29 (3 H, t, J = 7.0 Hz), 1.30 (3 H, t, J - 7.0 
Hz), 1.52-1.80 (3 H, m) , 2.26-2.57 (4 H, m) , 3.86-4.02 (1 
H, m), 4.22 (2 H, q, J = 7.0 Hz), 4.10-4.38 (2 H, m) , 4.42 
(1 H, d, J = 12.2 Hz), 4.50-4.66 (1 H, m) , 4.65 (1 H, d, J 

15 - 12.2 Hz), 6.79 (1 H, d, J = 8.1 Hz), 7.11 (1 H, dd, J = 
2.0 Hz, 8.1 Hz), 7.38 (1 H, d, J = 2.0 Hz), 7.40 (1 H, d, 
J = 8.1 Hz) 

MS(ESI) (Nega)m/z; 571 (M-H) " 

[a] D 28 = -20.0° (C = 0.39%, chloroform) 

20 (2) Starting with ( 1R, 2R # 3R, 5R, 6R) -2-azide-3- ( 3 , 4- 
dichlorobenzyloxy) -6- [ ( 1 ' S) - ( 1 ' -ethoxycarbonyl-3 ' - 
methylbutylcarbamoyl ) ] - 6 - f luorobicyclo [3.1.0] hexane - 2 - 
carboxylic acid ethyl ester (996 mg) , the same procedure 
as shown in Example 2(2) was repeated to give 

25 ( 1R, 2R, 3R, 5R, 6R) -2-amino-3- ( 3 , 4 -dichlorobenzyloxy) -6- 
[ ( 1 ' S) - ( 1 ' -ethoxycarbonyl-3 ' -methylbutylcarbamoyl) ] -6- 
f luorobicyclo [3. 1.0] hexane- 2 -carboxylic acid ethyl ester. 
X H-NMR (200 MHz, CDC1 3 ) 8 (ppm); 0.96 (6 H, d, J = 
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5.9 Hz), 1.29 (6 H, t , J = 7.1 Hz), 1.52-1.77 (3 H, m) , 
1.85 (2 H, s), 2.10-2.28 (2 H, m) , 2.36-2.48 (2 H, m) , 
3.69-3.87 (1 H, m) , 4.21 (2 H, q, J - 7.1 Hz), 4.15-4.36 
(2 H, m), 4.45 (1 H, d, J = 12.1 Hz), 4.64 (1 H, d, J = 

5 12.1), 4.55-4.69 (1 H, m) , 6.77 (1 H, dd, J = 3.4, 8.0), 

7.10 (1 H. dd, J = 1.8 Hz, 8.4 Hz), 7.38 (1 H, d, J = 1.8 
Hz). 7.39 (1 H, d, J = 8.4 Hz) 

MS(ESI) (Nega)m/z; 545 (M-H)" 

[a] D 22 = +2.4° (C = 0.65%, chloroform) 

10 (3) Starting with ( 1R, 2R, 3R, 5R, 6R) -2-amino- 3- ( 3 , 4- 
dichlorobenzyloxy )-6-[(l'S)-(l' - e thoxycarbonyl - 3 ' - 
methylbutylcarbamoyl ) ] -6-f luorobicyclo[ 3 . 1 . 0 ]hexane-2- 
carboxylic acid ethyl ester (400 mg) , the same procedure 
as shown in Example 2(3) was repeated to give 

15 ( 1R, 2R, 3R, 5R, 6R) -2 -amino- 3- ( 3 , 4-dichlorobenzyloxy ) -6- 

[ ( 1 ' S ) - ( 1 ' -hydroxycarbonyl- 3 ' -methylbutylcarbamoyl ) ] - 6 - 
fluorobicyclo[3.1.0]hexane-2-carboxylic acid (250 mg) . 



Table 1 below summarizes chemical structures and 
20 physical data of the compounds prepared in Examples 1, 2, 
3, 4, 5, 6, 8, 9, 10 and 11 as well as compounds prepared 
in a similar manner. 
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Ex.1 


Ex.2 


Ex.2 


Ex.2 
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Ex.2 


Ex.2 


2.23-2.60 (4H, m), 
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4.60-4.74 (2H, m), 
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Ex.2 


Ex.2 


Ex.2 


JLX. z 


2.26-2.49 (4H, m), 
4.03-4.09 (lH,m), 
4.53(lH,dJ=12.0Hz), 
4.61(lH,dJ=12.0Hz), 
7.05-7.26 (6H,m), 
7.40-7.48 (3H,m). 


a c? ® ^ K °i °* 

B B N N ff\ h 
H H it II 

cs -^r ^ ^ ^ ^ O 
si on ON'so'oooroso 


2.25-2.34 (2H,m), 
2.36-2.0 (2H, m), 
4.04-4.18 (IH, m), 
4.57-4.73 (2H,m), 
7.40-7.64 (2H,m), 
7.83-7.93 (2H,m). 


2.24-2.34 (2H,m), 
2.36-2.62 (2H, m), 
4.08-4.20 (lH,m), 
4.64-4.80 (2H,m), 
7.64-7.68 (IH, m), 
7.76-7.84 (IH, m), 
8.18-8.28 (2H, m). 


ESI (Nega) 
400 (M-H)" 


ESI (Nega) 
333 (M-H)' 
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Ex. 6 


Ex.2 


Ex.2 


Ex.2 


Ex.2 


2.23-2.32 (2H, m), 
2.34-2.60 (2H, m), 
4.05-4.13 (IH, m), 
4.48-4.66 (2H, m), 
7.00-7.14 (3H, m), 
7.32-7.41 (IH, m). 


2.29-2.54 (4H, m), 
4.07-4.14 (IH, m), 
4.53(lH,dJ=11.5Hz), 
4.60(lH,dJ=11.5Hz), 
7.11-7.18 (2H, m), 
7.37-7.42 (2H, m). 


2.22-2.49 (3H, m), 
2.57(lH,dd,J = 7.5, 
13.5 Hz), 

4.15-4.21 (IH, m), 
4.66-4.82 (2H,m), 
7 33-7.50 (4H, m). 


2.23-2.56 (4H, m), 
4.06-4.13 (IH, m), 
4.55(lH,dJ=12.1Hz), 
4.63(lH,dJ=12.1Hz), 
7.31-7.44 (4H, m). 


2.29-2.54 (4H, m), 
4.05-4.12 (IH, m), 
4.54(lH,dJ=11.7Hz), 
4.61(lH,dJ=11.7Hz), 
7.35-7.44 (4H, m). 
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Ex.2 
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Ex.2 


Ex.2 


o S i-H i-H 
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N Ui ^ © si] v© e^i 
N H TT TT ^rV 


2.29-2.56 (4H, m), 
4.09-4.16 (IH, m), 
4.63-4.76 (2H, m), 
7.14-7.31 (3H, m). 


2.22-2.55 (4H, m), 
4.10-4.17 (IH, m), 
4.60(lH,dJ=11.7Hz), 
4.65(lH,dJ=11.7Hz), 
6.94-7.02 (2H, m), 
7.40-7.48 (IH, m). 


2.22-2.57 (4H, m), 
4.09-4.15 (IH, m), 
4.52-4.74 (2H, m), 
7.07-7.24 (3H, m). 


2.27-2.53 (4H, m), 
4.08-4.15 (IH, m), 
4.64-4.77 (2H, m), 
6.98-7.07 (2H, m), 
7.37-7.47 (IH, m). 
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Ex.3 


Ex.2 


Ex.2 


Ex.2 


Ex.2 


0.84(3H,t,J=7.4Hz), 
1.04-138 (2H, m), 
1.42-1.64 (IH, m), 
1.70-1.86 (IH, m) 
2.00-239 (4H, m), 
3.83-3.98 (IH, m), 
4.42(lH,t,J=6.8Hz), 
7.27(lH,d,J=9.5Hz), 
7.50-7.59 (2H, m). 


2.23-2.53 (4H, m), 
4.01-4.08 (IH, m), 
5.61 (IH, s), 
7.35-7.44 (IH, m). 


2.25-2.42 (4H, m), 
3.99-4.06 (IH, m), 
5.61 (lH,s), 
7.10-7.17 (4H, m), 
737-7.43 (4H,m). 


2.25-2.49 (4H,m), 
3.98-4.07 (lH,m), 
5.59 (lH,s), 
7.34-7.44 (8H, m). 


1.98-2.12 (IH, m), 
2.14-2.26 (IH, m), 
2.29-239 (IH, m), 
2.55-2.72 (IH, m), 
4.46-4.60 (IH, m), 
5.58 (lH,s), 
7.33-7.47 (8H, m). 
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Ex.9 


Ex.11 


1.31(3H,t,J=7.3Hz), 
2.26(lH,dd,J = 7.9, 
2.4 Hz), 

230-233 (IH, m), 
2.44-2.49 (IH, m), 
2.55 (lH,dd,J=13.4, 
732 Hz), 

4.08-4.12 (IH, m), 

4.29-4.42 (2H, m), 

4.51(lH,dJ=12.8Hz), 

4.54(lH,dJ=12.8Hz), 

7.22(lH,d,J=8.5Hz), 

7.49(lH,d,J=8.5Hz), 

7.50 (IH, s). 


0.89-0.94 (6H,m), 
1.62-1.71 (3H,m), 
237-239 (2H, m), 
2.44-2.49 (lH,m), 
2.55(lH,dd,J = 7.9, 
14.0 Hz), 

4.10-4.14 (IH, m), 
4.29-432 (IH, m), 
4.54(lH,dJ=11.6Hz), 
4.61(lH,dJ=11.6Hz), 
530(1H, d,J=8.4Hz), 
7.55(lH,d,J=8.4Hz), 
7.56 (lH,s). 
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404 (M-H) 
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489 (M-H)' 
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Ex.10 


Ex.2 


Ex.2 


1.49(3H,d,J=6.8Hz), 
2.07-2.18 (IH, m), 
2.21-2.38 (lH,m), 
2.44-2.56 (lH,m), 
2.75-2.83 (IH, m), 
4.02-4.22 (2H,m), 
4.50(lH,dJ=113Hz), 
4.71(lH,dJ=llJHz), 
7.29(lH,d,J=7.8Hz), 
7.50-7.58 (2H, m). 


1.30(3H,t,J=7.3Hz), 
2.06-2.52 (4H,m), 
3.64-3.82 (IH, m), 
3.92-4.14 (2H,m), 
4.24(2H,q,J=7.3 
Hz), 5.08-537 (4H, 
m), 5.66-5.85 (IH, 
m), 7.30-7.48 (5H, 
m). 


1.29(3H,t,J=7.2Hz), 
2.08-2.15 (IH, m), 
2.22-2.28 (IH, m), 
2.35-2.44 (2H, m), 
3.70-3.82 (lH,m), 

A n T-7 

4.51(lH,dJ=11.7Hz), 

4.61(lH,dJ=11.7Hz), 

5.19(lH,dJ=12.8Hz), 

5.30(lH,dJ=12.5Hz), 

7.20-7.38 (10H, m). 
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Ex.2 


Ex.2 


Ex.2 
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1.20-135 (3H,m), 
2.10-2.45 (4H,m), 
3.73-4.85 (IH, m), 
4.24(2H, qj=7.2 Hz), 
4.54(lH,dJ=12.0Hz), 
4.70(lH,dJ=12.0Hz), 
5.19(lH,dJ=12.4Hz), 
5.29(lH,dJ=12.4Hz), 
7.26-7.51 (9H, m). 


ESI (Pos) 
526 

(M+Na) + 


ESI (Pos) 
526 

(M+Na) 


ESI (Pos) 
518 

(M+Na) 


*S 


*S 


S3 
© 








e< 






S 


B 


a 




{/ 




a 


B 


a 


OBn 


OBn 


OBn 


OEt 


OEt 


OEt 









- 79 - 



Ex.2 


Ex.2 


Ex.2 


b b b a ii u H H b 

^^cor^BBBB^ 

<? t a, a, a, si *r 

oiooirjosooooo 


■ 1 B b I~NWNNl - - 
" kJ J II H H H H S 
t-| S S Ni II II II II 9 

*r 3.52 "Tin "Tie, 
a <**aaaBB^ 

G- f"? G, w s5 w w 
O ^-C » O TT (O « 


oo oe m 5-5^ 

<? t a a *r 

tH i-( ©> I/) f> \© 

^ '"S ^ ^ 
H N TT Tf l> 


ESI (Pos) 
480 

(M+Na) + 


ESI (Pos) 
542 

(M+Na) + 


ESI (Pos) 
413 

(M+Na) + 




*S 








ON ~ 

a ^ 3 

j 1 ° a 






as 


B 


a 


B 




^ P 




a 


a 


a 


OBn 


OBn 


OEt 


OEt 


OEt 


OEt 









- 80 - 



£ PB SB BB 

\0 Os G\ \0 
N Tf 00 

i-5 c4 c4 rn 

■ II! 

Tt M 00 O 

<S ^ l> 

i-J <S <M rr> 



i 



S3 



* r "2 ^ 
It II 

T3 no 

tax 

w 1-1 



SB 

as sJ 

ts 

V) o 

i> oo 

! I 

O 

ro os 



<^> ^> T> « er\ *e\ 



II II 

aw 8 3 

h <s 4 

to h rr 

• • • • 

H H N M 



e 

EC An n 



e s 



ii S3 BB 

CS i-r i-c t^- 0O 

N H SO 00 4 

TT Tf |> 00 



g 



£ ~ ~ ~ ~ 
•A ttf S! S3 S? 

a~00 © N 00 

Vft • • • • 

o t N ao 

^ o rj v© 

M N M 



ii ii S3 S: 

SB S3 ■> « 

TT m (S 

Tf 1/5 ITi " 

rr ^ vo 



53 



+ 



ait 



+ 



55 ° « 



o 

ii s 



3 ^ 

■I % g 



M « 3 

II ^ v 



a 



o ii rj 



a 



a 



a 



CD 

2 



^ 8 



S3 



o 



o 



p- 3 



o 



o 



w 
o 



- 81 - 









Ex.2 


A 






w rr oo w * v) ffl 


ii ii s 
S3 B ^ 


1-1.25 (3H, m), 
1-2.55 (4H, m), 
!-3.90 (IH, m), 
K2H,q,J=7.2 
,4.55-4.70 (2 H, 
5.19 (IH, d, 
Z.4 Hz), 5.29 (111, 
=12.4 Hz), 7.19- 
i (9H, m). 


r< r r ^ ^ ^ ^ ^ 

^^J* ^--S* ^ mmm 7 s 11 

X S 9 i-s ii ii ii n S 

in vi in ZrSSSS^ 
^ ^ ^ ^ 5 rt w 


9 OO 9 ^ /-is W T-i 


w ^ ^ , — \ - _h VJ 


O O O V O ON W A 


ESI (Pos) 
468 

(M+Na) + 


ESI (Pos) 
484 

(M+Na) + 


ESI (Pos) 
484 

(M+Na) + 


•mm 

o 


S3 
O 


© 














a 


a 


a 


u. 

0 


Q 

o 




a 


a 


a 






a 


a 


g 




PQ 
O 


§ 


OEt 


OEt 


OEt 






00 



- 82 - 



A 



*h O o t^F^ 



s s a 



B B 



Ss 



N 

. B 



T-H T-1 T-1 

I! 11 II II B 

^ ^ ^ m 

B B B B ^ 

H H W H 

'w' V— i 

1/5 00 t*' ON N 

rf IT) H N H 

• • • » _ • 

rr t V) ^ h 



A 



~ 8 tS tS s 



s s s s 



s s 
O 00 

o 



^ «*j 'g 

-rt H H H ~ 

B B n ii ii ii B 

<*> n B B B B ^ 
i-H i-( th i-h 

t s v—' V V - . 

o oo m o oo o oo 

t>HTf VOHfO© 

tt ^ 



i 



BBBh-sBjiiiB 

ass ^s^^ss 

IT) O 00 •sfO^'^^ 

T <? ff> rJTf £1^*7 



o 

fe 



+ 



fe- 



es 
25 



IT) 



O + 

£S 




a 




a 



0 



o 



o 



s 



- 83 - 



A 



^» — *o «■■•» 



ess 



SB S3 
ir> o 

a i 

O O 



a 

n 

m iTi 
t> TT 



H H J" 

ii ii ss 

S3 S3 °3 

H H \C 

i> ao ^) 

rH <S l> 

1/3 l/> S© 



e s 



A 



sees 

S3 S3 S3 33 

in in oo o 

f*) V| OP 

H N Tf 

i i i i 

O O kT) 

(S H H 

W N TT Tf 



33 

II II 



m s© 



s9 13 • 

Tf Tf O 

ts r4 H 

i-H 

ii ii S3 

^ l> 

H H t> 

o( X _ 

ON 

I/) I/} SO 



. ffi Scj ffi (xj S3 • 



^ C r C ^ N M N N ^ c ^ 

S3 S3 S3 ii n it ii i S3 

V) 00 X ^ 5 ^ ^ rvO 
H rj fO Tf g H H H gt>« 

O CO ro go O ro oo oo oo o 

i-*Ol>iHS©»>i-(ClOOtM 

• ••••••••a 



I? 
kg 

W oo 

8a 



o + 

kg 

Si 



sis 



S3 

o 



a 



a 





oo 



a 
O 



so 

00 



O 



- 84 - 



A 



•N »N «S «N ^ ^ ^ 

a** wJ"" hmd" yJT ^-T " 
ffl K ffi P3 ii ii K 



r> rr 



I 1 I I I sw- ■ 

w w w GO 00 O Ch fi 



3 



a a a^ a a^ a^ a 

OC O V) N 00 00 o 

«o oo ro vo h x 



GO OS 00 */j O 
• • • • • 



i-H \0 

• • • 

ir> vo t> 



A 



a^ a^ a^ a a a 
as x s ffi s s s 

2 w G CS Ci 

oo o o o tn f<> 

m in a\ m tr~* m 
• •••••• 

H N ff) Tf Tf lO 
_i • I ■ i I I 

n fs © ©\ fN oi 
i-^ 00 i-j V) i-J 
H N ffi Tf V) S 



•N «n *\ «\ •% pi] • 

SSSBS ii \\ tt 

i i i i a 

d\ © if ) if) H >d © _ 

• ••••••a 



O 



so 

00 



+ 



v© 
00 



«5 3 $ 

w vJ e 



as 
+ 



© + 

W 5 



o 



0- 



^ 3 

o 




o 



00 
00 



O 



o 



oo 



c 



D 



- 85 - 



A 



g a s 

33 SC 

00 00 o 

n *i «j 
T «? «? 

no© 



* S * S . 
S3 Sf B S3 

N n ^ 5» 



oo 
c4 rn 



T T 

o oo m m 

M^f H H 

• • • • 

TT Tf t> 



A 



g s 

S ! 

o 
i-5 r4 



.3 



t3£ . 

" 3 O 

g 



W w4 ^ 

ii ii ii X 



1-5 II 

O V. "^s ^ ^ 

^ 33 Sf S5 Sf 33 H 

X N ^ OO H N H 

ri tt vi iri 



EEEEEEE 

S Pd Pd P3 M 93 w 

Q, ^ w Ci Ci Ci S£ 

v) e v) in io oo i/) 
ir| oo r| vo rr 

h n rf rf vi i> 

1 8 9 8 9 8 ! 

o m oo oo oo m m 
<s o >o f<> o o 
h ri ri rr vi 



g^ g^ g 

s sd B3 s td 

O 00 O 00 
TT M » O 

Tt N H CO 00 
N O If) ON H 



H N N 



s3 tS 

v> in -r 

^ ^ G B 

l-« ¥-< ^J* * 

ii ii S w 

H H h h 

w ■ § 

Tf U) H fO 



V3 + 



S5 



d * ^ 

" o 3 

+ •« 0 
J' • a 




- 86 - 



Ex.2 


Ex.2 


Ex.2 


Ex.2 


>^ a 8 >-j B li* Ti* 5r 

£3 <s rj, ^^t*- 


1.32(6H,t,J=7.1Hz), 
2.18-2.46 (4H, m), 
3.70-3.85 (IH, m), 
4.15-4.40 (4H, m), 
4.45(lH,dJ=123Hz), 
4.64(lH,dJ=123Hz), 
7.29 (IH, s), 
7.32 (IH, s). 


mS * ^1 ii ii ii * K 

~ oo so •« 00 

i ■ w Vb/ v j : : 
CO^^M^NOfHf^OO^ 


1.20-139 (6H,m), 
2.10-2.54 (4H,m), 
3.70-3.86 (lH,m), 
4.16-4.40 (4H,m), 
4.52-4.82 (2H, m). 


ESI (Pos) 


+ 

+ 

•a 

o 

00 


ESI (Pos) 
490 

(M+Na) + 


ESI (Pos) 
480(M+H) + 


+ 

© + 


• M 

o 


*S 


rs 
o 


o 


M 3 U 

a ^ a 
£u 




^ a 


+ 2 3 

" S y 

s * S3 


*i 




a* 




K 


m 


a 


a 




LL 


o o 


0^ 


U- U- 
LL 


as 


a 


ffl 


a 


OBn 


OEt 


OBn 


OFt 


OEt 


OEt 


OEt 


OEt 


v© 

©\ 


r- 
as 


00 
ON 


ON 



- 87 - 



sS »S >3 



a s s E 



KB 

M o 

_ v> 
o 



a a 

eta 

*H 00 
ON <S 

o oo 



II II 

•Tin 
ss a" 

on o 



H H ^.r 

ii ii a 
a a ^ 

i-H i-^ 

"W s 

V) VO O 
i-H <S 

V) 



s s 



a a 

On Tf 
00 o 



oo in 
as 



A 



ESSES 



0C 00 f| c 



N w ' 

a a a ii u n n <s 

moo o oo ^^^^r^i 
<? T rtrs^e^r 

• • • ••••• 



E EE EE EE 

a a a a a a a 

vo rr h n n h 



V) IO V) Ift o m 

oo oo o t^i 
• •••»• 
tj- Tf ^ ^ 

io oo V) in o 
c4 to ^ vo 



to 



a a 

5" o 



S3 2 



SENSES 



o ffi S3 5C 



S3 



0© < 



VO VC N N 
i-H O f<) i-H 

i-H <S «fr 



HIS 



to + 



W5 



Z 



6s. z 



S3 
O 



53 
O 



+ 3 
a" ® 

O II 



o 
a 
u 



a 






a 



a 

EC 

o 



C 

O 



o 



8 



a 



w 
o 



o 



- 88 - 



Ex.3 


Ex.3 


Ex.2 


*h ^ H H H 


*> •» tt! M &2 • 

VO H ^ ^ ^ >"T> OO 

ff) © N ^ ^^iv^vso 

•* *? <? SfiOO^ 


1.20-1 38 (3H, m), 
1.91-2.45 (7H,m), 
3.44-3.70 (IH, m), 
4.06-4.26 (2H, m), 
4.30-4.71 (lH,m), 

5.11- 5.41 (2H,m), 

7.12- 7.49 (10H, m). 


ESI (Pos) 
532 

(M+Na) + 


ESI (Pos) 
532 


ESI (Pos) 
464 

(M+Na) + 


© 


"o 


*S 


On ~ 
OS ti* _ 

*2 **** 3 
J 1 ^ H 

SB 


Tf ^ _ 

n n 3 

SB 


■ 


ft* 






sr 


sr 

53. 








P 


a 


a 


n 


OBn 


OBn 


OBn 


OEt 


OEt 


OEt 


o 


«/> 


s© 
O 
i— ( 



- 89 - 



Tf O 



11 



jo 



s s 

00 Tf 
■ i 



^1* 3 

« a h sc a ® «j 

© H t> H * t 

rf rt m vc 



A 



It II MM 

>-5 33 ffl 

tf tf £ 9 

"> £2 25 
t-- ^ o 



e a ^ e 
ssts 

w w w 
**■ On _r <^ 

«i ® td n 

rr rj it) 

H OC H 
TT ON N H 



s s 



rn as 

o f<J 



1 

II 



111 
£55 



- O O 00 

jj in vj v| 

!-h c4 

oo oo in 

O O 



K .MB 

r>. ^ n F 



2 



O iH 



S3 S3 

5 H <=* «i 

r m i> 



2 



B3i 



W in 



5 



OS ^ 



"a II 8 
IB 



TT \o 3 

ii 3 c 
<-< a 

o ii D 



es. 



* 

es. 

a 



a 
PQ 
O 



o 




PQ 
O 



oo 



CQ 
O 



w 
o 



- 90 - 



Ex.3 


Ex.2 


Ex.2 


•§ _C ^ ^ _r &h Sh - • 
^ ffi 33 DC B ffl ii ii S w 

SO ^ N 00 h ^» ^» 00 O 

^ ^ 1* 1* w w 1 ^ ^ 


w - - &h o 

t> n c t> (_r 

)-& P3 pq ii n ^ m 

«<v • • F*^ • 

S3 f^j Gww^^ 


■1.33 (3H, m), 
-2.40 (4H, m), 
-3.80 (IH, m), 
-4.28 (2H, m), 
(lH,dJ=123Hz), 
(lH,dJ=123Hz), 
(IH, s), 
-6.99 (4H, m), 
-7.19 (4H, m), 
(5H, s). 


TT'ooooosivDOorn^ 

• ••••••••• 


• •••*•*■ 


rf^ nn \r\ \n *o ON n*«» rvi 


1 ^ 


Sal 
















o * 

ON ^ 

<2 vo 3 

II O M 












* 


P 


0 


S3 






o 




LL 




p 


P 


a 


w 




c 
PQ 

o 


B 
P3 

o 


a 

§ 


OEt 


g 


1 


o 


l-H 
i-H 




l— 1 




i-H 



91 - 



Ex.2 


Ex.2 


Ex.2 


1.23 -1.33 (3H, m), 
2.05-2.40 (4H, m), 
3.68-3.76 (IH, m), 
4.21(2H,q,J=7.2Hz), 
5.12(lH,dJ=12.4Hz), 
5.28(lH,d,J=12.4Hz), 
5.47 (IH, s), 
7.09-7 31 (13H, m). 


1.12-1.39 (6H, m), 
1.80-2.28 (2H, m), 
2.41-2.69 (2H, m), 
3.92-4.08 (IH, m), 
4.09434 (4H, m), 
539 (IH, s), 
7.10-7 31 (8H, m). 


1.28(3H,t,J=7JHz), 
2.01-2.51 (4H, m), 
3.62-3.80 (IH, m), 
4.22(2H,q,J=7.3Hz), 
5.13(lH,dJ=12.1Hz), 
5.29(lH,dJ=12.1Hz), 
5.52 (IH, s), 
6.92-7.08 (2H, in), 
7.20-7.28 (9H, m). 


6 I 

W IT) O 


ESI (Pos) 
532 

(M+Na) + 


ESI (Pos) 
640(M+H) + 


• mm 

© 


mm*. 

o 


S3 

o 




2 * ^ 

IB 


© ^ 

5 # ^ 

I ON 3 

^ n 








0 


o 

0 






0 




a 


S3 


« 


OBn 


OEt 

1 


OBn 


OEt 


OEt 


OEt 


l-H 


3 
i-i 


>r> 
i-i 



- 92 



Ex.3 


Ex.3 


&3 s *. - ts tS 3 13 ^ 
5 ^ ^IT® ^ n n s 

t> V© C H \fi N fS ^ 

11 II >_r hh" 11 11 ^ ^ Ph 

$3q,C* fO QH H H h 


»*B & •••• 

t-* \o B B \c n n j 

II II ^ HH " II ^ HM 

Q, d *T 


tt t^oc 4 So rr m r<i 

HHHffJTt Tfinwi^ 


Tf ©Ct^ w 5o n »v) 4 


ESI (Pos) 
514 

(M+Na) + 


ESI (Pos) 
514 

(M+Na) + 


o 


o 










✓ — s 

* 


/ — s 

* 












sa 


e 


a 


§ 


§ 


OEt 


OEt 




i> 


rH 





"3 

° 
2 

u 
o 



Test Example 1 (Antagonistic effect of test drugs on cAMP 
accumulation in CHO cells modified to stably express 
metabotropic glutamate receptor mGluR2) 

Using Dulbecco's modified Eagle's medium with 10% 
dialyzed fetal bovine serum [1% proline, 50 units/ml 
penicillin, 50 jxg/ml streptomycin, 2 mM L-glutamine (added 
before use)], CHO cells modified to stably express 
metabotropic glutamate receptor mGluR2 were seeded in 
96-well plates at a ratio of 1.26 x 10 4 cells/well/0 . 32 
cm 2 /150 ^il and grown at 37°C under 5% CO z for 2 days. The 
medium was then replaced by L-glutamine -free medium, and 
after 4 hours, the supernatant was removed by aspiration. 
PBS(+)-IBMX (10 mM PBS(-), 1 mM MgCl 2 , 1 mM CaCl 2 , 1 mM 
IBMX) was added in 150 \il aliquots and the plates were 
incubated for 20 minutes at 37°C under 5% CO z . After the 
supernatant was removed again by aspiration, PBS(+)-IBMX 
containing 10' 5 M forskolin, 30 \iM glutamic acid and 10" 10 
to 10~ 4 M test drug was added in 60 ^1 aliquots and the 
plates were incubated for 15 minutes at 37°C under 5% CO z 
to study the antagonistic effect of test drugs on the 
glutamic acid-induced inhibition of f orskolin-stimulated 
cAMP accumulation (Control experiments were conducted 
without adding test drugs. (Tanabe et al., Neuron, 8, 169- 
179 (1992)). After addition of ice-cold ethanol (100 ^1) 
to stop the reaction, the supernatant was completely 
collected into separate plates, evaporated to dryness 
using an evaporator at normal temperature and then stored 
at -20°C. The dried samples were assayed for cAMP levels 
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using a cAMP EIA kit (Amersham) . The value of control 
samples was subtracted from each measured cAMP level. The 
IC 50 value, the concentration required for 50% antagonism 
of inhibitory effect of 30 ^M glutamic acid of 10" 5 M 
5 forskolin- stimulated cAMP level, was determined for each 
test drug. 

The compounds of the present invention represented 
by Formula [ I ] wherein R 1 and R 2 are each a hydroxyl group 
and R 3 is a hydrogen atom, i.e., Compounds 1-58 in Table 1 
10 showed a strong antagonistic effect (IC 50 = 500 nM or less), 
as measured by this test example. For example. Compounds 
1, 6, 22, 28, 34, 42 and 52 had IC 50 values of 229 nM, 131 
nM, 29.1 nM, 40.8 nM, 20.0 nM, 22.7 nM and 24.4 nM, 
respectively . 

15 

Test Example 2 (Effect of test drugs on [ 3 H]MGS0008 
receptor binding in CHO cells modified to stably express 
metabotropic glutamate receptor mGluR2) 

Using Dulbecco's modified Eagle's medium with 10% 

20 dialyzed fetal bovine serum [1% proline, 50 units/ml 

penicillin, 50 jxg/ml streptomycin, 2 mM L-glutamine (added 
before use)], CHO cells modified to stably express 
metabotropic glutamate receptor mGluR2 were seeded into T- 
226 flasks and grown at 37°C under 5% C0 2 . Upon confluency, 

25 the cells were washed twice with PBS(-), detached with a 
cell scraper, and centrifuged at 4°C at 1000 x g for 15 
minutes to collect the cells. The resulting pellet was 
stored at -80°C. The pellet was thawed before use and 



suspended in 50 mM Tris-HCl buffer (pH 7.4). The 
suspension was homogenized with a homogenizer for 20 
seconds and then centrifuged at 4°C at 48,000 x g for 20 
minutes to obtain a pellet. The pellet was suspended 
5 again in the above buffer., homogenized, incubated at 37°C 
for 15 minutes, and then centrifuged at 4°C at 48,000 x g 
for 20 minutes. The resulting pellet was further washed 
twice by centrif ugation and then homogenized in 50 mM 
Tris-HCl buffer (2 mM MgCl 2 , pH 7.4) to give a membrane 

10 fraction. The receptor-binding test was performed at a 
membrane concentration ranging from 50 to 200 jxg/0.5 ml 
assay. After addition of a test drug and 3 nM [ 3 H]MGS0008, 
the membrane fraction was incubated at 25°C for 1 hour. 
The reaction was stopped by suction filtration on a 

15 Whatman GF/C filter (pre-soaked in 0.3% polyethylenimine ) 
using a Brandel cell harvester. After suction filtration, 
the filter was washed three times with ice-cold 50 mM 
Tris-HCl buffer (2 mM MgCl 2 , pH 7.4, 3 ml). The filter 
thus obtained was treated with 10 ml of Aquasol-2 and 

20 allowed to stand for 6 hours or longer, followed by 

measuring the fluorescence activity using a Beckman LS6000 
liquid scintillation counter. Non-specific binding was 
assayed in the presence of 10 jxM LY354740 and subtracted 
from each measured binding level. The IC 50 value, the 

25 concentration required for 50% inhibition of the solvent - 
induced level of [ 3 H]MGS0008 binding, was determined for 
each test drug. 

The compounds of the present invention represented 
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by Formula [I] wherein R 1 and R 2 are each a hydroxyl group 
and R 3 is a hydrogen atom, i.e.. Compounds 1-58 in Table 1 
showed a strong binding activity to mGluR2 receptors ( IC 50 
= 100 nM or less), as measured by this test example. 

5 

Test Example 3 (Evaluation of antidepressant effect by 
forced swimming test in rats) 

(1) The animals used for this experiment were male SD 
rats (body weigh: 220-240 g, Charles River Japan). 
10 (2) The test drugs used were: 

LY341495 (Journal of Medicinal Chemistry 1998, 41, 
358- 378 ) : ( 2S) -2 -amino- 2- ( ( IS, 2S) -2-carboxycycloprop-l- 
yl) -3- ( 9 -xanthyl) propionic acid; and 

Compound 34: ( 1R, 2R, 3R, 5R, 6R) -2-amino-3- ( 3 , 4- 
15 dichloro-benzyloxy) -6-f luorobicyclo [3.1. 0 ]hexane-2 , 6- 
dicarboxylic acid. 

(3) The forced swimming test was performed according to 
the method reported by Porsolt et al. , with some 
modifications (European Journal of Pharmacology 1978, 47, 

20 379-391). Namely, the rats were placed in a cylinder 
containing water 30 cm deep and forced to swim for 15 
minutes. After a period of 24 hours, the rats were forced 
again to swim for 5 minutes (actual experiment). The 
immobility time in this actual experiment was measured for 

25 each rat to evaluate the antidepressant effect of test 
drugs . 

The test groups received two intraperitoneal 
injections (24 hours and 1 hour before the actual 
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experiment) of LY341495 or Compound 34 in 1/15 M phosphate 
buffer at a dose of 0.3 mg/kg, 1 mg/kg or 3 mg/kg. The 
solvent group received only 1/15 M phosphate buffer by 
intraperitoneal route, 
5 (4) The symbols * and ** in Figures 1 and 2 denote 

statistical significance at P<0.05 and P<0.01 by Dunnett ' s 
test, respectively, when compared to the solvent group 
receiving 1/15 M phosphate buffer. Thus, Figures 1 and 2 
indicate that when compared to the solvent group, the test 

10 groups receiving intraperitoneal injections of the test 
drugs, LY341495 and Compound 34, showed a significant 
dose -dependent reduction in immobility time and hence an 
excellent antidepressant effect. This indicates that a 
compound having an antagonistic effect on group II 

15 metabotropic glutamate receptors is useful as an 
antidepressant . 

INDUSTRIAL AP PLICABILITY 

The present invention demonstrates that antagonists 
20 of metabotropic glutamate receptors are effective for 

depressive symptoms, thus enabling the provision of a new 

type of antidepressant. 

In addition, one embodiment of the present invention, 

i.e., a 2-amino-3-alkoxy-6-fluorobicyclo[3.1.0]hexane-2,6- 
25 dicarboxylic acid derivative, or a pharmaceutically 

acceptable salt or hydrate thereof is a strong antagonist 

of metabotropic glutamate receptors. Thus, the present 

invention also enables the provision of a drug effective 
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for treating and preventing psychiatric disorders such as 
schizophrenia, anxiety and its associated diseases, 
bipolar disorder and epilepsy, as well as neurological 
diseases such as drug dependence, cognitive disorders, 
Alzheimer's disease, Huntington's chorea, Parkinson's 
disease, dyskinesia associated with muscular stiffness, 
cerebral ischemia, cerebral failure, myelopathy and head 
trauma. 



